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ABSTRACT 


The present study examined Piaget's views regarding 
interaction between existing mental structures and perceptual 
activity in acquisition of number conservation. A rational 
was presented for assessing the relative mobility of intuitive 
correspondence in non-conservers and for attempting to acce- 
lerate conservation attainment by inducing coordinating “per- 
ceptual -activity:. 

Subjects were 94 non-conserving girls aged five and six, 
who were classified as possessing high or low mobile schemes 
of intuitive correspondence. The acceleration condition con- 
sisted of non-reinforced practice in solution of a series of 
number conservation tasks in which relevant color cues were 
progressively diminished. Practice tasks were presented via 
motion picture film with taped instructions. Post-tests and 
tests for generalization were administered immediately follow- 
ing treatment and after a two week interval. Criteria were 
verbal responses which were classified as logical, intuitive 
or -non=-conserving. Toi determine the validity of eye move- 
ments as subsidiary criteria of conservation status, visual 
activity was filmed during solution of delayed generalization 
tasks for a subsample of grade I girls. 

Ordinal interaction between mobility of intuitive 
correspondence and practice was observed in immediate and 
delayed post-tests and in five out of seven tests for genera- 


ligation. Pitty=-tive percent fof) girls in the high mobile 
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practice group gave logical responses in all tests. Evidence 
of permanent change in conservation status was negligible 
among low mobile practice subjects and among subjects in con- 
trol groups. Within the eye movement subsample, girls who 
gave intuitive responses showed the greatest degree of per- 
ceptual activity while those who gave non-conserving responses 
tended to center their fixations on the transformed set. 
Differences in eye movement patterns were consistent with 
theoretical assumptions concerning transitional processes in 
number conservation attainment. 

It was concluded that coordinating perceptual activity 
facilitates attainment of logical conservation of number pro- 
vided that intuitive correspondence is sufficiently mobile 
to permit the child to compensate for misleading perceptual 
cues. In conjunction with verbal responses, eye movement 
patterns were judged to be useful indices of conservation 
status. Findings were discussed in relation to operations 
underlying number conservation and implications for theory, 


research and education were proposed. 
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CHAPTER I 


THE PROBLEM 


The Concept of Number Conservation and Its Significance in 
Cognitive Development 


As Elkind (1969) notes, concepts may be regarded as 
belonging to one of two eau omer those which define rela- 
tions between phenomena, and those which concern variations 
within phenomena. Concepts of the former variety function in 
the interest of cognitive economy by providing means for 
classifying information. Concepts of the latter kind assist 
the individual to distinguish between the real and the apparent 
by providing rules of invariance which compensate for changes 
in the appearance of objects or collections. 

Certain higher order concepts subsume relations of both 
kinds. For example, the concept of numerical equivalence 
defines a particular type of classification based on one to 
one correspondence and also specifies the conditions under 
which this relationship is preserved despite changes in the 
qualitative attributes of sets or of the objects comprising 
those sets. Conservation of number refers to conceptualiza- 
tion of the invariance of numerical equivalence over spatio- 
temporal displacements described as transformations. 

The child who conserves number logically concludes that 
two sets, initially judged to contain the same number of 
objects, remain numerically equal following a transformation 


which alters the configuration of objects in one set. To the 
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non-conserver change in configuration implies change in quan- 
tity. For instance, having verified the numerical equivalence 


of sets arranged as shown in Figure 1, the non-conserver denies 
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Fig. 1. Numerically equivalent sets 
before transformation 


their equivalence after observing a transformation which re- 
sults in extension of spatial intervals between objects in one 


set (see Figure 2). Typically, the;,transformed row is judged 
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Fig. 2. Numerically equivalent sets 
following transformation 


to contain more objects because it is longer. Increase in 
length is not compensated by decrease in density because these 


dimensions remain uncoordinated (Piaget, 1952). 
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To representatives of the Genevan school, the signifi- 
cance of number, length, distance, substance, area, weight 
and volume conservation lies in the assumption that in each 
case conservation implies existence of an internal system of 
reversible, regulatory actions or operational schemes which 
allow the child to compensate in advance for dimensional 
changes which are perceptually misleading. 

According to Piaget (1962, 1968a, 1969b), the pre-opera- 
tional thought of children between the approximate ages of 
two and seven has a number of characteristics which distinguish 
it from the sensory-motor adaptations of the first two years 
of life and from the concrete operational thought of children 
of approximately seven to twelve. At the pre-operational 
stage, the child is able to represent reality instead of 
merely acting upon it; however, representation is character- 
ized by a predominance of static, figural content. As a 
consequence, thought is irreversible as observed in the fact 
that the child is unable to integrate information from tempor- 
ally separate events or to anticipate changes of state. More- 
over, because pre-operational thought tends to centre attention 
upon a single.aspect;of,ajgivenrsituationp, topthe neglect )ot 
other aspects, judgments are subject to perceptual bias. 

The sub-period between five and seven years is a period 
of transition during which children become increasingly cap- 
able of representing actions performed on objects. Operations 
developed at this intuitive stage tend to be semi-reversible 


and uncoordinated with the result that judgments may not be 
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consistent or logically coherent. 

Piaget describes concrete operations as interiorized 
reversible actions, potentially capable of being performed 
on material objects and linked with other operations to form 
integrated structures applicable to a variety of analogous 
situations, Rules of invariance and systems of classification 


are regarded as operational structures in this sense. 


The Origiau of Operations 


In summarizing the Genevan position with respect to 
development of operations, a crucial distinction must be made 
between Piaget's views and those of developmental realists. 

As a leading proponent of the latter theory Zaporozhets (1969) 


asserts that, 

",..the development of mental processes begins with 
certain external operations performed with objects. 
Subsequently, given certain conditions, this process 
acquires an orienting, cognitive function which, once 
it has undergone a series of changes and becomes con- 
tracted, is ultimately converted into an internal 
operation. Initially, the child needs some external, 
material prop to help him discriminate which eventually 
becomes an internalized model." (p. 115) 


"On the basis of experimental facts one can demonstrate 
that, given a distinct scheme of training in which the 
child systematically learns certain methods of orienta- 
tion, he begins to gather and develop types of modelling 
experience which at a later date will enable him to 
reproduce certain latent relationships within objects. 
Lees Gm this: way that, operations: of a strictly antellec- 
tual, seonceptual mature take place... Gp. 4LL7)) 


Zaporozhets' position closely resembles one attributed 
teePiaget 4by +eHunt » (1961), ,0yet fundamental differences .are 


apparent. Piaget agrees that the transition from intuitive 
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to operational thought comes about gradually as a consequence 
of the child's activities in interaction with environmental 
events. In general, he contends that all behavior involves 
an interplay of assimilation and accommodation, past and pre- 
Sent Cending Coward equilibrium; that is, (of assimilation -of 
reality to existing structures and, conjointly, of accommoda- 
tion of “those ‘structures to reality. .- Piaget’ thus rejects a 
"copy" theory of cognitive development in favor of an adapta- 
tion model which emphasizes the active role of mental struc- 
LURES ny transirorming perceptual input. Accordingly, for 
Piaget, the effect of what Zaporozhets terms orienting or 
modelling activity is always dependent on the status of schemes 
in which such 2eniv Loy. is incorporated. This distinction 
appears to carry important implications for the design of 
experiments aimed at evaluation of training procedures of the 


type referred to by Zaporozhets. 


inev Role of simagery and Jts Relationship to Perceptual Activity 


iInmeaadadition to the operative aspect of cognition. Piaget 
refers to a figurative aspect which includes perception, imita- 
GLoneand mental imagery (Piaget, 1967, 1969b; Furth, 1969). 
Discussing the development of representation, Piaget (1962) 
maintains that perceptual activity involving regulations and 
comparisons is a type of imitation or accommodation which func- 
tions to prolong motor adaptation thus giving rise to images. 
Moreover, just as the products of perceptual activity are al- 


ways integrated in existing structures which give meaning to 
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the elements and relations analyzed, so images assume the func- 
tion of signifiers with respect to those relations. In this 
way images constitute a link between primary perception and 
verbal communication. The child's verbal judgments reflect 

the status of his mental schemes via representational imagery 
re-symbolized in language (Piaget and Inhelder, 1971). 

Unlike Bruner (1964) who believes that it is language 
which structures experience, Piaget (1969b) ascribes to language 
a role superior to imagery by virtue of its reduced dependence 
on figural content, but classed together with imagery as a 
semiotic function, that is, a function which makes thought 
possible by allowing representative evocation of objects and 
events not available to immediate perception. In addition, 
language functions to direct attention. However, as in the 
case of imagery, language is not thought to be a source of 
operations but is rather a symbolic system structured by then. 

Of central relevance to the present investigation is 
Piaget's (1969b) view that perceptual activity contributes to 
the formation of kinetic images. Prior to the onset of mental 
operations, children demonstrate the capacity to represent the 
terminal states of transformations but are unable to imagine 
the processes leading to those states (Piaget and Inhelder, 
1971). Once the child is able to represent the successive 
events which occurred in the course of a transformation, his 
capacity for anticipating subsequent transformations is en- 
hanced. Furthermore, ability to anticipate assists the child 


to compensate in advance for misleading perceptual cues and 
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to integrate events which are separated in time. If images 

are structured by the schemes which support them as Piaget 
argues, then perceptual activity could be expected to contri- 
bute to conservation attainment subject to the limitations 
imposed by the child's existing mental structures. Conversely, 
if representational capacities serve to structure mental 
operations as Bruner and Zaporozhets contend, then for Bruner 
perceptual activity without accompanying verbal learning would 
eontribute Little to change in conservation status, while for 
Zaporozhets it might play the major role in conservation 


attainment. 


Development of Numerical Equivalence 


Piaget (1962) outlines three stages in the development 
of the equivalence scheme. 

The first stage, described as the stage of intuitive 
global correspondence, is characterized by the child's tendency 
to base judgments of numerical equality on the configurational 
attributes of sets to be compared. When required to construct 
a row of objects parallel and equal in number to a given row, 
the child areaeene a row of equal length but disregards numeri- 
cal properties with the result that one row may contain more 
or less objects than the other. 

During the second stage termed the stage of intuitive 
one-to-one correspondence, numerical equivalence implies per- 
ceived correspondence between analogous parts of a whole. The 


child is able to Construct equivalent sets by a strategy of 
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object-for-object matching; however, although the child sub- 
sequently verifies a constructed equivalence in situations 
where configurational properties of sets are identical, any 
discrepancy in configuration may Peso ¢ in subsequent denial 
orvMequality.™= ror -example.-the=-chirird may “correctly. mat ch 
object for object in constructing concentric, numerically 


equal sets of the type shown in Figure 3. Having completed 


Fig. 3. Numerically equivalent sets arranged 
a COncentric circles 


the task, he may deny that these sets contain the same number 
of objects, presumably because operations are not sufficiently 
advanced to compensate for perceived differences in circum- 
ference. Nonetheless, Piaget describes schemes of the second 
stage as semi-operational because one-to-one correspondence 
must be represented before it can be constructed. Clearly, 
what is missing at this stage are operations permitting co- 


ordination of circumference and density. 
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True quantitative equivalence is recognized at the 
third stage when correspondence becomes independent of the 
configuration of sets and the position of their respective 
elements. At this stage, equivalence is conserved over space 
and time. Interiorized actions constitute a fully operational 
structure involving constancy of a set and it is this structure 
which permits generalization of qualitative correspondence 
into numerical correspondence in which each element, irrespec- 
tive of its qualities, is conceived as a unit equal to others 
and differing from them only by virtue of its temporary posi- 
tion in a series. Conservation is’ thus implicit''in the super- 
ordinate operational system of classification and seriation 
which, according to Piaget, underlies conceptualization of 
cardinal and ordinal number. 

To summarize, development of equivalence, as described 
in the context of Piagetian theory, appears to reflect in- 
crea sing imobibbtygaf the equivalence scheme. The term mobility 
is used here in its generic sense to indicate a scheme's range 
of tapplalcatien ChuntiryakIoo, Ap ta62)e2ntin the initial stage of 
global comparison equivalence is exclusively defined by con- 
figuration. Although some progress toward quantification is 
evident in the construction of one-to-one correspondence 
observed at stage II, mobility is limited since identical 
configuration remains a qualifying condition. itll into bi bisey 
is attained at stage III when equivalence is conserved over 
spatio-temporal displacements which alter both configuration 


and one-to-one juxtaposition of elements. 
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The present investigation focuses on conditions of transi- 
tion from stage II to stage III. Accordingly, it was necess- 
ary at the outset to confirm what logically follows from 
Piaget's (1952) description of sequence; namely, that there 
is an intermediate stage, prior to conservation attainment, 
when equivalence is applied in situations where configurations 
differ but elements remain Vie eapose dea This intermediate 
stage is classed as intuitive since physical correspondence 
of analogous elements is retained. For present purposes, 
stage II intuitive PRE oy YE has been sub-divided accord- 
ing to relative mobility of the equivalence scheme. Stage II 
intuitive correspondence is described as low mobile when limited 
to situations where sets are identical in configuration, and 
high mobile when equivalence'is recognized in situations where 
configurations differ. The distinction is pertinent because 
of the greater degree of operativity presumed to characterize 


high mobile schemes. 


Acceleration of Conservation Attainment 

Conservation of number is normally attained, independent 
of specific pedagogical experience, at approximately seven 
years of age. 

Experimental intervention is a useful method for investi- 


gating conditions of conservation attainment. Despite Piaget's 


See Appendix A: Pilot Studies (pv 188)". 
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(1964a) belief that mental structures develop by a process of 

internal regulation which is minimally affected by experiences 
designed to direct attention, to exercise memory, or to supply 
verbal principles, he does concede that: 


",...learning is possible if you base the more complex 


structure on simpler structures, that is, when there 

is a natural relationship and development of structures 

and not simply an external reinforcement." (p. 17) 

As for the role of stimulus variables, Piaget (1967) 
states: 

"An operational system derives its content from a series 

of abstractions of the subject's actions and not from 

particular features or properties of objects. But this 
process of abstraction may be encouraged or obstructed 
by the material conditions in which various groups of 

objects are encountered." (p. 84) 

In discussing such material conditions, Wohlwill (1966) 
proposes that stimulus properties may be varied along three 
dimensions; namely redundancy referring to amount of task- 
relevant perceptual information; selectivity referring to 
amount of task-irrelevant perceptual information; and conti- 
guity referring to amount of spatial and temporal separation 
of informational units. Wohlwill regards the relationship of 
these variables to concept attainment as two-fold. First, in 
designing experiences intended to facilitate elaboration of 
mental structures, the extent to which information can be 
assimilated by existing structures may depend on the form in 
which such information is presented. In addition, stimulus 
properties may influence the extent to which structures tend 


to be modified by accommodatory activities. The experimental 


condition employed in this study was planned to incorporate 
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systematic variations in stimulus redundency. Dimensions of 
selectivity and contiguity were incorporated in design of 


certain transfer tasks. 


Assessment of Conservation 

Among issues related to conservation few have engendered 
more controversy than the problem of assessing conservation 
Status and, “in: particular; “the question of criteria” signitying 
conservation attainment. The problem is not strictly methodo- 
logical for it is obvious that the criteria selected reflect 
assumptions about the nature of conservation and its origin. 

Braine (1959) supports the use of non-verbal instrumental 
response criteria as does Zimiles (1963) who contends that con- 
servation training methods can result in establishment of ver- 
bal response sets which do not reflect conceptual attainment. 
Bruner (1964) and his associates accept verbal statements of 
equality or inequality unaccompanied by explanation, while 
Inhelder, Bovet, Sinclair and Smock (1966) argue that because 
the structures underlying conservation are complex, unjusti- 
fied responses are inadequate indices of conservation status. 
Smédslund (196la) requires justifying’ statements and distin= 
guishes logical conservers from intuitive conservers according 
to whether justifications are deductive, or empirical in 
content. 

Plaget’s" (1952)"practice of “using counter=—suggestion “to 
determine the stability of conserving responses has been 


attacked by Kohnstamm (1967) on the grounds that suggestions 
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emanating from persons in authority may induce anxiety result- 
ing in temporary regression to some earlier form of mental 
organization. Accordingly, he believes that resistance to 
counter-suggestion may indeed signify the presence of opera- 
tional structures but that acquiescence defies interpretation. 

With reference to acceptance of justifying statements 
Kohnstamm observes that such statements are of doubtful valid- 
ity when they moan ee eon sone used by the experimenter 
in training children, to conserve.,.,J,0r.Kohnstamm, generalization 
within the range of the conceptual scheme concerned is an 
acceptable supplementary. .criterion.,; While. convincing, genera- 
lization to allied schemes, for example from number to area 
or weight conservation, is not regarded as essential since the 
latter may involve concepts additional to those under study. 
Together with logical justification,and; generadization,pPiaget 
(1964a) insists..on,retention and; mentions.=two:weeksras:<a 
minimal interval between testing sessions. 

Assessment qf number Cee aaa aeeomes a problem which 
does not arise with respect to other forms of conservation. 
In the case of number, a subject may determine whether sets 
are equivalent by counting, .thus.auprimary aconservingnresponse 
provides no indication that invariance has been conceptualized. 
Smedslund's (196la) method of differentiating logical and 
intuitive conservers by analysis of the content of justifying 
statements seems an appropriate solution. However, more con- 
fidence can be placed in the validity of verbal justifications 


if some more objective criterion is found to correlate with 
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verbal statements. In this regard a study by O'Bryan and 
Boersma (1971) in which it was shown that eye movements filmed 
during solution of length, area and substance conservation 
problems were predictably related to verbal judgments, sugges- 
ted the desirability of exploring the relation of eye movement 
patterns to number conservation judgments. Because counting 
iste strategy based on perceptual evidence and because, by 
definition, conservation implies decreased dependence on per- 
ception, eye movements which are reportedly less subject to 
conscious influence than verbal reports (Thomas, 1963) were 
analyzed to determine their potential as supplementary criteria 


of number conservation status. 


Summary and Statement of the Problem 


To Summarize the theoretical positions reviewed, both 
Piaget and Wohlwill suggest conditions requisite for acquisi- 
tion of conservation of number. By implication Piaget postu- 
lates the importance of adequate mobility of intuitive schemes 
of one-to-one correspondence. He further proposes that co- 
ordinating visual activity facilitates anticipatory representa- 
tion of transformations thus providing a basis for compensatory 
regulations in the presence of misleading perceptual cues as 
well as a means for integrating information derived from events 
separated in time. To this set of conditions may be added 
Wohlwill's contention that qualitative stimulus properties may 
be systematically manipulated to promote assimilation of the 


products of perception. Fu nah ynoon Vatdous,authors stress, the 
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importance of comprehensive, objective criteria in assessing 
conservation status. 

The present investigation was designed to answer three 
related questions. First, does practice involving coordinat- 
ing visual activity induced through a combination of verbal 
questioning and manipulation of task-relevant perceptual cues 
differentially affect the number conservation status of non- 
conservers who exhibit high mobility of intuitive correspondence 
as opposed to non-conservers whose schemes of correspondence 
are low mobile? Second, assuming that advance in conservation 
status implies permanent modification of intellectual struc- 
tures, can such change be Maite ate aed across multiple criteria; 
namely; <Logical@verbalaijustification; retentionYover time, and 
generalization to situations involving novel materials, novel 
transformations, increased irrelevance of perceptual cues, and 
addition and subtraction ee elements? Third, do eye movement 
patterns recorded during solution of novel conservation tasks 
differentiate subjects whose verbal justifications are classed 
as logical, intuitive or non-conserving, and if so, are there 
differences in the eye movement patterns of conservers exposed 


to practice and those of conservers not so exposed? 


Educational Relevance 

Piaget has been reluctant to propose specific applica- 
tions of his theory to problems of educational methodology 
and* curriculum’ construction (Hooper, :1968).«: Nonetheless, 


while direct extrapolations may be unwarranted at the present 
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stage of research, certain general issues seem particularly 
pertinent to educational practice. 

In Western society, the stage of transition from pre- 
operational to operational thought coincides with commencement 
of) formal public sedtication, fora majority, of “children: As 
Genevan studies have clearly shown, this period is marked by 
comprehensive re-organization of intellectual structures, a 
re-organization which, potentially, may be facilitated or 
impeded by experiences to which the child is exposed in school. 

The development of what educators normally refer to as 
pre-number concepts is an acknowledged area of interest that 
has Vaeided a substantial body of methodological, curricular 
and psychological research (Brace and Nelson, 1965). In 
selecting the problem of number conservation, it was not the 
author's purpose to determine whether conservation could be 
taught, to propose ways in which it might be taught, or to 
supply evidence suggesting that it should or should not be 
taught. Rather, it is hoped that this investigation will con- 
tribute to the aforementioned body of educational research in 
two ways; first by supplementing previous analyses of sequence 
in the overall development of the concept of equivalence, and 
second by identifying factors which affect development of that 
concepiy.. “lhoweheaot Me aca as <dinectLly. applicable to the 
Peecn eae eae basic mathematical concepts, film methods and 
stimulus sequences developed by the author to promote discovery 
of relationships might conceivably be adapted for classroom 


use. 
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CHAPTER II 


REVIEW OF RELATED LITERATURE 


Analyses of Development of Number Concepts 


Certain comprehensive analyses of the development of 
number concepts include findings relevant to the present in- 
vestigation which focuses on conservation of numerical equi- 
valence. 

Dodwell (1960) and Hood (1962) provide data tending to 
verify the general sequence of stages in number development 
proposed by Piaget (1952): Similarly, Wohlwill*s (1960) 
scalegram analysis reveals an initial pre-conceptual stage in 
which number is responded to solely in perceptual terms, a 
second stage in which mediating structures commence to reduce 
dependence on perception, and a final stage in which super- 
ordinate structures subsume conservation and coordination of 
cardinal and ordinal number. Wohlwill reports that ability to 
count contributes to transition from stage I to stage II, but 
concludes that the essential factor in abstraction of number 
appears to be conceptualization of relations. 

As part of a more comprehensive study Hood (1962) in- 
vestigated the possibility that difficulty in conceptualizing 
relations could be attributed to linguistic deficit. Non- 
conservers were coached in the use of terms such as "more", 
"less" and "same" which are commonly employed in presentation 
of conservation tasks. When tested immediately after coaching, 


correct conservation responses were elicited but subjects 
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rapidly lapsed into non-conservation suggesting that they had 

been able to repeat what the experimenter told them to say but 
had developed little understanding of the conservation problem 
as a result of verbal explanations. Hood concluded: 

"The concept (of relations) becomes active or opera- 

tional when the mind can pass in attention from one 

subjpect“toMthe*other vand*thén Back Sto the ifits-on, Un- 

less it has this reversible mobility along with a 

distinct orientation toward quantity it cannot be truly 

operational and no comparison of quantity can be made." 

"Only mobility can bring about the unifying of two 

percepts into one larger mental unit or elementary 

structure thus introducing into thought the possibility 

of making quantitative comparisons." (p. 19) 

Dienes (1959) found that among six year olds global 
visual attributes were more powerful determinants of quantita- 
tive concepts than were perceived relations between parts of 
a whole. More recently, Siegel (1971) reported that ability 
to discriminate sequentially presented sets containing “more" 
or "less" objects occurred at the same time as children 
exhibited one-to-one correspondence but that both preceded 
discrimination of "more" or "less" in situations where sets 
were presented simultaneously with misleading configurational 
cues. Bryant's (1972) experiments contribute to a growing 
body of evidence that children younger than five can affirm 


the invariance of transformed sets in the absence of conflict- 


ing perceptual cues. 


Acceleration Studies 
Despite Piaget's insistence that intellectual development 


depends on gradual and continuous elaboration of structures, a 
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large number of intervention studies have been reported and 
those dealing with number conservation may be categorized 
according to their purpose. 

The first suggested category includes studies designed 
to compare the effectiveness of different treatment conditions 
Or to @valuate the effectiveness of a single condition. 

Wohlwill and Lowe (1962) compared three methods: re- 
inforced practice in counting collections of objects; non- 
reinforced practice in differentiating relevant from irrelevant 
cues, and non-reinforced practice in addition and subtraction. 
Results for a sample of kindergarten children were not found 
to favor one method over others and experimental subjects per- 
formed no better than controls on a post-test involving verbal 
judgment. Experimental subjects did exhibit a moderate degree 
of improvement when. the criterion was instrumental motor 
response, however no difference was observed between training 
groups. 

For subjects ranging in age from six years, five months 
to seven years, eight months, Wallach and Sprott (1964) com- 
pared responses to a group exposed to non-reinforced reversibi- 
Pity, Craimiue WitLn those or, controls. j;lraining, consisted of 
practice in predicting the results of transformations, followed 
DY Verilticatlon through» manual Returns or objects fo their, pre- 
Eransitormed. states. Highly signiticant..difrerences, were, re- 
ported in favor of the reversibility training group. » Conserva- 
tion judgments resisted counter-suggestion and were retained 


over a two to three week interval. Wallach, Wall and Anderson 
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(1967) found that for a group of six and seven year olds 
reversibility training was more effective than addition- 
subtraction training. Conservation responses tended to per- 
Sist over time but. transfer was negligible. Working with 
middle class South American kindergarten children, Roll (1970) 
found that reversibility training resulted in correct conser- 
vation judgments but that subjects could not provide logical 
dustifications for their responses. 

Gruen (1965) reports that nursery and kindergarten sub- 
jects exposed to addition-subtraction plus verbal pre-training 
performed significantly better on a post-test of number con- 
servation than did subjects exposed = addition-subtraction 
PGainbigaOn Ly vauvetLin, ©L9o5) found thatsverbalwrulexinstruc= 
tion of a didactic type was superior to three other methods in 
eliciting .conserving responses in a sample of five year old 
subjects, but again there was little transfer to analogous 
tasks. 

Postulating the children's failure in conservation 
tasks is a function of inattention to relevant stimulus 
attributes, Gelman (1969) compared three methods of conserva- 
tion training. ..One sroup was exposed to.oddity .-training jin- 
volving "same"-"different" discriminations among toys. Each 
correct response was rewarded with a trinket. A second group 
underwent learning set training involving "same"-"different" 
discriminations among abstract materials with multiple attri- 
butes. Discriminations were elicited before and after trans- 


formations and reward conditions were identical to those en- 
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ployed for the oddity training group. A control group re- 
ceived learning set training without knowledge of results. 
Sixteen six trial problems were administered on each of two 
successive days. On an immediate test of number conservation 
percentages of subjects giving logically justified conserva- 
tion responses were 96%, 21% and 1.3% for the learning set, 
control, and oddity training groups respectively. Similar 
results were obtained after a three week interval. Transfer 
to conservation of substance was significantly greater for the 
learning set group than for other groups and transfer improved 
slightly over three weeks. Gelman concluded that five year 
olds*°can*’ work = with~ quantity if” told”*to do*so and if rewarded 
for doing so. She contends that because they already possess 
these concepts, quantity and invariance do not have to be 
defined before Anetares of this age can respond to them. 
Commenting on Gelman's study, Christie and Smothergill (1970) 
observed that discrimination training may be more useful in 
the case of a space-distributed' stimulus property such as 
length than for a property such as number which is not spati- 
alby distributed? S*ASpartial replication of Gelman's study 
produced changes in conservation responses but no evidence of 
transfer. 

Winer (1968) demonstrated that pre-training in addition 
and subtraction of elements induced a tendency to respond to 
such manipulations when they were performed in conjunction 
with’ changes in ‘configuration of sets. Pre-trained subjects 


gave more conserving responses in a number conservation post- 
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test, a result Winer attributes to set to respond to quantita- 
tive rather than qualitative changes. He concluded that res- 
ponse set provides an alternative to the "cognitive conflict" 
rationale advanced by Smedslund (196la, 1961b) to account for 
change in conservation status. Following Smedslund's precedent, 
Winer's subjects were not provided with knowledge of results. 
The sample consisted of children who had completed a year in 
kindergarten but had not yet entered grade I. 

The attentional hypothesis was further tested by Blum 
and Adcock (1969) whose training procedures entailed elicita- 
tionrof counting: plusedirection. of attention to intervals be- 
tween objects by the use of cardboard "spacers". Two sets of 
Spacers were employed, a shorter set used to construct sets 
in their pre-transformed ea uae ce a longer set used in con- 
struction of linear transformations. Subjects were asked to 
predict what would happen to the number of objects in the 
transformed set when longer spacers were used. In the case 
of incorrect predictions, the experimenter remarked: "But I'm 
not changing the number, I'm only changing how low the row is." 
For a sample ranging in age from five years seven months to 
eight years three months (two-thirds were over seven), nine out 
of ten trained, and one out of twelve untrained subjects 
advanced in conservation status and gains persisted over a 
three week period. Generalization was not tested. 

Halford and Fullerton (1970) postulated that for non- 
conservers, physical correspondence implies numerical equality 


while potential correspondence does not. A guided discrimina- 
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tion task sequence was devised to facilitate discovery that 
a set with the same length and spacing as the transformed 
set could be matched, object for object, with the non-trans- 
formed set. Grade I subjects were required to select the 
appropriate set from a number of alternative arrays and test 
their predictions by manual matching. Training sessions were 
conducted on five successive days and no external reinforce- 
ment was supplied at any stage. Eight out of twelve experi- 
mental subjects attained conservation as compared to one of 
twelve controls. Responses resisted counter-suggestion and 
generalization was demonstrated. 

Nursery school children participated ina study by 
Curcio,.Robbins .and .ELla .(1971) who found that. subjects ."con- 
served" their own fingers well before the age at which children 
normally consenye aobiecte : The classic conservation testing 
procedure was followed using the fingers of each hand as sets 
to be compared. A transformation consisted of spreading or 
pressing together the fingers of one hand following an initial 
judgment based on the numerical equivalence of fingers ina 
partially spread position. Subjects were trained to conserve 
eeauas first,.coloured;rings Located.on the. fingersuand, then 
the same rings removed and placed in front of the subject. 
Training was successful for subjects who had previously demon- 
strated counting ability, one-to-one correspondence and aware- 
ness of the effect of addition and subtraction on equivalence 


of sets. Generalization was not tested, but retention was 
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satisfactory and finger training proved superior to addition- 
subtraction and counting as conservation training procedures. 

The majority of acceleration studies have been basically 
bivariate in design. Some have included chronological age as 
an independent variable but from the standpoint of psychologi- 
cal explication age x treatment interactions are of limited 
interest. 

A study by Peters (1970) was designed to determine the 
extent of interaction between conservation training, language 
comprehension and cognitive style. Subjects were lower socio- 
economic status kindergarten children with a mean age of five 
years, five months. Cognitive style was assessed by means of 
an object sorting task and language assessment included tests 
for comprehension of comparative terms, past and future tenses 
of common verbs, and negative forms. Three training methods, 
namely, unguided discovery, perceptual cue guided discovery 
(Peters and Rubin, 1969) and verbal didactic instruction, were 
employed each following the usual procedure for reversibility 
training (Wallach and Sprott, 1964). On post-test conserva- 
tion measures all training groups performed better than con- 
trols, and gains shown by cue guided and verbal instruction 
groups were greater than those exhibited by the unguided group. 
Retention and transfer to similar tasks were demonstrated. 
Cognitive style and language comprehension both proved to be 
significant predictors of conservation gains. Contrary to 
Peters' expectation, verbal instruction was more effective 


for high analytic subjects with low language comprehension 
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whereas perceptually cued training resulted in greater gains 
for low analytic subjects with high language scores. Peters 
concluded that subjects who are inclined toward cue discrimina- 
tion benefit from a verbal statement of the invariance rule 
and that those who have better command of the verbal require- 
ments of the task are assisted by cue discrimination training. 
He regards both verbal mediation and cue discrimination as major 
factors in the transition from non-conservation to conservation. 

Studies which fall into a second category are not de- 
signed to evaluate or compare discrete methods but rather to 
identify some optimum combination which takes the form of a 
comparatively lengthy teaching sequence. Rothenberg and Orost 
(1969) investigated whether conservation of number could be 
taught to kindergarten children when hypothesized steps re- 
quisite for attainment of this concept were trained to learn- 
ing criteria. Subjects were exposed to reinforced counting 
(Wohlwill and Lowe, 1962), reinforced addition-subtraction 
(Gruen, 1965), reversibility training (Wallach and Sprott, 
1964), and verbal pre-training (Gruen, 1965). Finally, older 
children were used as "assistant teachers" in situations de- 
signed to elicit cognitive conflict (Smedslund, 196la). Signi- 
ficant training effects were reported. Gains were retained 
over a three month period and transfer to conservation of 
discontinuous substance was demonstrated. 

To summarize, there remains little doubt that acquisi- 
tion of conservation of number can be accelerated, possibly by 


a year and a half or more, though longitudinal studies may be 
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required to confirm what could be an artifact of sampling in 
some of the studies reviewed. Nonetheless, two trends seem 
evident. Conservation training has been more successful with 
older as opposed to younger subjects, Gelman's (1968), Rothen- 
berg's and Orost's .(1969) and Curcio's, Robbins’ and Ela's 
(1971) studies being exceptions in this regard, and training 
has been more effective with longer as opposed to shorter 
training periods. The role of verbal instruction, reinforce- 
ment and cognitive conflict remain equivocal. Methods involv- 
ing direction of attention and empirical discovery seem promis- 
ing yet available evidence fails to clarify the nature of 
subject-object interaction responsible for structural change. 
Specifically, Piaget's, own argument that the status of relevant 
structures is a determinant of learning gains does not appear 
to have been tested with respect to number conservation. 

An acceleration study which does focus on development 
of prerequisite structures is reported by Sigel, Roeper and 
Hooper (1966) and is considered relevant despite the fact that 
it concerned acquisition of conservation of discontinuous quan- 
tity rather than number. Over a five week period demonstration 
plus questioning were used for the purpose of advancing sub- 
weG tus understanding that objects have multiple characteris- 
tics; that characteristics may be combined in various ways to 
produce new categories, and that categories may be re-organized 
to permit return to some previous form of organization. Using 
small samples the original study (N = 7) and a replication 


(N = 10) indicated moderate success in inducing conservation 
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judgments in four year olds. A significant degree of genera- 
lization to continuous substance and weight conservation was 
observed. The authors concluded that conservation per se 
need not be taught directly since children who possess the 
prerequisite concepts may discover a conservation principle 
which may subsequently be applied to substance, number, weight 


and volume. 


Perceptual Activity 


The function of perceptual orienting activity in develop- 
ment of representation of static objects is well documented in 
Soviet literature (Zaporozhets, 1969; Zaporozhets and Zinchenko, 
1966). With respect to representation of movement including 
changes of state occurring through transformation, Inhelder 
(1965) has shown that representation of the result of trans- 
formations chronologically precedes representation of the actual 
trajectory of objects during transformation. Her findings 
suggest that representation of movement does not arise indepen- 
dent of operations. Inhelder concludes that the image of a 
transformation becomes adequate only when directed by opera- 
tions in the course of being structured; at the same time, she 
regards image formation as facilitating in elaboration of 
operational structures. The postulated interdependence of 
images and operations is particularly relevant to the present 
research in view of Piaget's belief, together with Soviet 
evidence, that imagery evolves from reproductive assimilation, 


thatl pe pvi.ron imitative ‘perceptual "activity. --If this is’ ‘so, 
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visual tracking of moving objects should promote image forma- 
tion, nence inthe ‘case of transformation of .aiiset of objects, 
sequential rather than simultaneous movement is suggested as 
is reduction of the speed at which elements are normally moved 
in presentation of conservation tasks. Simniiderady ,wisewmad 
coupling of elements in the transformed set with their counter- 
parts in the non-transformed set may be described as a form 

of imitation or approximate visual motor reconstruction of the 
trajectory of objects during transformation. The experimental 
treatment condition used in this study incorporates presenta- 
tion of sequential transformations at reduced speeds as well 
as induced visual coupling. 

Piaget's (1969a) extensive studies of perceptual develop- 
ment reveal the function of perceptual activity in correcting 
fPlustons which tave sehei ry origin ~in.viel direbhfiectsi. L.eDimect 
extrapolation of these findings to problems of concept forma- 
tion is unjustified within the Piagetian framework since Piaget 
denies that intellectual development derives from perception 
through extension of the latter to increasingly more complex 
situations. In support of his view that perceptual activity 
is not a sufficient condition even for recognition of relations, 
Piaget (1968a) briefly cites a Genevan study in which parallel 
rows each containing four objects were exposed for intervals 
short enough to preclude counting. Under a condition where 
rows were unequal in length but where cues designed to elicit 
one-to-one matching were extremely salient, only subjects who 


had previously demonstrated representation of one-to-one corres- 
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pondence succeeded in reporting that rows were equal in 


number. 


Criteria of Conservation Attainment 

The literature includes a number of studies in which 
commonly used conservation criteria have been employed to 
assess subjects" responses in tasks which are not conservation 
tasks according to Genevan standards. The following discussion 
is limited to assessment of conservation of numerical equiva- 
lence at a conceptual level. Tasks which include an initial 
judgment of equivalence of sets followed by a transformation 
which is witnessed by the subject and results in disparate 
configuration of sets are regarded as true conservation tasks. 
Tasks which depart from this general paradigm, namely, percep- 
tual discrimination tasks (Calhoun, 1971; Green and Laxton, 
19.70).3 tasksa inj which hie transformation and/or the results 
of the transformation are concealed (Gelman, 1972), and tasks 
which are modified to remove potentially misleading configura- 
tional cues (Strauss and Langer, 1970; Bryant, 1972) may test 
related abilities but do not qualify as tests of conservation 
as it is defined by Genevan investigators. 

Depending on the criteria selected, some investigators 
have found ability to conserve in five year olds (Braine and 
Shanks, 1965a, 1965b; Frank, 1966), whereas Smedslund (1961la) 
has not identified conservers below the age of seven. Gruen 
(1966) compared the Bruner-Frank primary response criterion 
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cantly fewer conservers were identified using the latter pro- 
cedure but Gruen is of the opinion that Smedslund's method is 
more appropriate to assessment of conservation as Piaget defines 
Sot; 

In search of a criterion less susceptible to social 
interactional forces than verbal report, O'Bryan and Boersma 
(1971) reasoned that cognitive processes associated with stages 
in conservation development should be reflected in eye movement 
patterns recorded while subjects were engaged in solution of 
conservation problems. Accordingly, it was postulated that 
non-conservers would tend toward exclusive fixation of the ele- 
ment judged to be greater in quantity after transformation, 
and that transitional conservers would demonstrate more visual 
search for information than conservers in the interval between 
completion of transformation and response to the conservation 
question. Analysis of eye movements filmed during solution 
of length, substance and area problems strongly confirmed 
predictions. Among a sample of grade I and II girls, non- 
conservers exhibited a high degree of visual centration on 
the element judged to be greater, while transitional conservers 
(subjects who contradicted a primary response when questioned 
in Piagetian clinical fashion) showed a more equitable dis- 
tribution of fixations on transformed and non-transformed ele- 
ments but made fewer shifts from one to the other than did 
conservers. Conservers, that is, subjects whose primary res- 
ponses were logically justified, reached solution with fewer 


fixations than other groups and exhibited a negligible degree 
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of visual centration. Particularly convincing was evidence 
of horizontal décalage (Flavell, 1963). Individuals who con- 
served some properties but not others, for example length but 
not area, tended to exhibit eye movement patterns consistent 
with their verbal judgments in each case. 

In a subsequent study Wilton and Boersma (1973) found 
that eye movement patterns distinguished non-conservers who 
had been exposed to Gelman's (1968) training methods from un- 
trained non-conservers. “During solution of length, continuous 
and discontinuous quantity and number conservation tasks, 
trained subjects exhibited more couplings (shifts of fixation 
between transformed and non-transformed elements), more runs 
(successive fixations on the same element), shorter mean length 
of runs, shorter mean length of fixations and fewer fixations 
than untrained subjects. Untrained non-conservers showed more 
runs and fixations of longer duration on the element judged 
to be quantitatively greater after transformation. . For trained 
subjects the duration of runs and fixations on transformed 
and non-transformed elements was balanced with no evidence of 
centration on either element. These relationships were demon- 
Strated in ‘a sample of gerade I and It pupils and in a sample 
of educable mentally retarded children. Similar differences 
were observed in natural (untrained) conservers and non- 
conservers. "Surprise reactions" defined using variables which 
included galvanic skin response, blood volume, pulse and heart 
rate distinguished natural conservers and trained non-conservers 


from untrained non-conservers in tasks involving violation of 
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conservation principles. Physiological indices reflecting 
"surprise" characterized responses of natural conservers and 
trained subjects to problems involving violation whereas non- 
conservers registered significantly less "surprise" in these 
situations. In general, verbal conservation judgments were 
positively correlated with eye movement patterns and physio- 


logical responses. 


Effects ‘of Stimulus Properties and Types of Transformations 


While Piaget emphasizes the role of cognitive structures 
in directing perception, Wohlwill (1966) nes that because 
there is constant interaction between perception and cognition, 
conceptual processes may be influenced by the nature of in- 
Lotmationw. an 4) civen stimuliws field... in support of this. ‘con-= 
tention he found that as amount of relevant information in- 
creased and as amount of irrelevant information decreased in 
the stimulus display, younger as opposed to older children 
made more errors and took longer to respond in an oddity dis- 
erimination task. 

Uzgiris (1964) found that the type of material used. in 
substance, weight and volume conservation tasks was related 
to conservation behavior and that variation across materials 
was greatest for subjects who were in the course of transition 
from non-conservation to conservation. In discrimination 
tasks involving number comparisons Baker and Sullivan (1970) 
found that materials with high interest value facilitated 


accuracy in comparing sets of four or five objects, but had no 


Le ACRE 4) wien 0 9 Ae 

sy soszedw aolaetony aetviownt | a 
Re ee aa ioe f, 
evita mk Meetrgaue! s901 A 


onew ‘esnomgbut molaevzaeda> Be eical a) 
7 i 


Pipi bas edx9330q tromevom ae fares bedeLerae9 pean: 


A 


-eeanoqrey on ae 


pan + shale a 
enotisexalemsst 20 seqy! | a E379: i | | 
Dciedkendulicintiute: sess k agen’, Yo. olox pei vaxkepdqns soasi4 otkaw | ak Se 
heunood tea eougis _(90ee) ALiwidow yer antaoerth at a a 
nota tnges: hae noliqsoxsq noewaed noitonresab 2289 BO: o3 oxeda” | 

—at 20 etuien hai ed beonau tint ad Bais aeass0xq Leusqeanoa 
11 aids tt troqque mt «blot? euluatse mavig a at aoliamxo3 - | 
ike no2semsoint saavelex to Jasoms as jeda bawor od nolanes 5 
pa PaNarss nolsemrotnt ‘aanvelart i Javoms Poe a bongexo | 

noxbiide x9bLo o3 berogao ae rogauor ventqad eulumtss odd 
~etb x32bbo ng at baoases 03 nage! too bas ezozts som ‘se 


Be | Ang? notisntmtss 


rx, 


nt boeu fukxoa om 20 sana oda sada bauos cage) atrigst 


‘Seaehex anw -aolees solseyxeango omutoy, bas ddgiew sonssedue 
an al _ 


v® : 


eisitozsm aeotos noisebxay tads baw tolveded “fea ava e neat 3 


Ry / " or aes 
nokitansx3 20 futlahahated od ni ezow oda edoatdue 403 deasserg ith ' 
ey rte ; it alt an) Oe i wy vail Th-¢ ne * ah ; ee ; 4 
aolsnatmizoatb ai -noisevaeenen ot pauper 
ne aN ae inne Wait ae Oy GEG L¥S9R 


corer nev iting Ste xeied anoatts 


py ; i Py a den 


boseaitioe} sulay seere2at 


fii 6 ae 


fuk i Deen TE ) 
‘A dtiw e@ ak 94 ia nie 

i ) ) s won aS . a yd i ay: y i 
ay bed sud eszetdo Latah, 10 juot to 283 Ae mires. 


bmg ql ¥ aa 


33 


apparent effect when sets contained seven to nine objects. 
Peters and Rubin (1969) investigated the effects of varia- 
tions in transformation and stimulus attributes on conserva- 
CON” OL number responses in kindergarten children. Type of 
transformation had no effect on performance but a condition 
in which objects were color-matched to emphasize one-to-one 
correspondence between sets was observed to facilitate con- 
servation judgments for some children. The authors concluded 
that stimulus attributes appeared to interact with subject 
differences. The study was not Hes ena LO reveal what these 
subject differences might be. Rothenberg (1969) reports that 
type of transformation, specifically, linear versus non-linear, 
was not related"to’ proportion of correct number conservation 
responses among a sample of four and five year olds. No 
difference was observed in the proportion of conservers identi- 
fied when materials had properties which accentuated one-to-one 
correspondence than nda such properties were absent. Neither 
Peters' and Rubin's nor Rothenberg's findings can be regarded 
as inconsistent with Piaget's (1952) clinical observations 
that correspondence provoked through the use of complementary 
materiais ;Seggs”* and” egeg~cups, for example, had ~no’ effect on 
number conservation judgments before the stage when requisite 


structures were presumed to be adequately mobile. 


Film Presentation of Conservation Tasks 
Clear advantages attend standardized presentation of 


eonservation tasks. Singh (1968) demonstrated that presenta- 
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tion via motion -picture film had no differential effect on 
conservation responses when compared with conventional pre- 
sentation involving manipulation of objects by the experimenter. 
Furthermore, O'Bryan and Boersma (1971) provide data indicating 
that when film is used it makes little difference whether 
materials are depicted two or three dimensionally. Motion 
picture film was used for presentation of conservation tasks 
by O'Bryan and Boersma (1971) and by Wilton and Boersma (1973). 
Postulating that experience in manipulating objects 
might not be necessary for conservation attainment, Sullivan 
(1967) produced a film designed to induce conservation of sub- 
stance. Content consisted of sequences where one adult (the 
questioner) transformed materials and asked questions and a 
second adult (the model) replied to those questions. Two ver- 
sions were prepared, one in which the model gave no explanation 
of his conservation responses and one in which responses were 
explained in terms of logical principles. Conservation was 
successfully induced in a sample of grade I children and 
generalization was demonstrated. There was no difference 
between responses of subjects in the Verbal Principle and No 
Prineiplexgroups. ~Sullivan+-concluded that success’ of) the 
fs naModeliungetechnique contradicted, Piaget's claimuthat) con= 
servation arises from actions performed on concrete objects. 
Sullivan's modelling rationale was derived from social learning 
theory (Bandura and Walters, 1963) and consequently differs 


from a rationale based on functions of perceptual activity. 
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CHAPTER III 


RATIONALE, DEFINITIONS, POSTULATES AND HYPOTHESES 


Rationale 

The present study constituted an enquiry into the nature 
of transitional processes in attainment of number conservation. 
Conceived within the context of Genevan theory, the study was 
designed to examine the validity of two general premises as 
they appeared to apply to conservation of number. The first 
premise is that perceptual activity may assist the child to 
compensate for misleading perceptual cues which tend to infirm 
his prior judgments concerning the numerical equivalence of 
sets. The second, or qualifying premise is that the mobility 
of the child's existing mental structures is a determinant of 
the extent to which perceptual activity can be expected to 
facilitate compensation. 

In the case of number conservation, the most relevant 
of existing mental structures was assumed to be the scheme 
of intuitive correspondence. Intuitive correspondence refers 
to comparison of the numerical properties of sets in which 
constituent objects are arranged in one-to-one physical corres- 
pondence. To Piaget, mobility of a scheme is defined by the 
range of objective situations in which it is applied; conseq- 
uently intuitive correspondence was inferred to be less mobile 
when equivalence judgments were limited to displays in which 


there was both physical correspondence of analagous objects 
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and identical configuration of sets, than when equivalence 
judgments extended to situations in which sets differed in 
configuration. 

The literature shows that number conservation can be 
accelerated by means of training and the most effective train- 
ing methods seem to have involved a considerable amount of 
perceptual activity induced by verbal and perceptual cues. On 
the other hand, it has been argued that readiness is the cru- 
cial issue in conservation attainment since children already 
on the threshold of operational thought might benefit from 
each of a variety of training methods. Recent multivariate 
studies provide some indication of the complexity of subject 
x treatment interactions’, vyetoun thet domain’ of humber, inter= 
action of training methods with what Piaget regards as the pre- 
dominant subject variable, namely mobility of mental schemes, 
has not been investigated. This study was designed to reveal 
the degree of interaction between mobility of intuitive corres- 
pondence and treatment which took the form of cue-guided prac- 
tice in solving a series of number conservation tasks. 

Because there is clear evidence that non-conservers tend 
to base their judgments on configurational cues, initial tasks 
in the practice series were designed to reduce the perceptual 
salience of configurational differences by using colour cues 
to emphasize one-to-one correspondence. In order to lessen 
the probability of dependence on colour cues, these were gradu- 
alict phased outs overy theo practice Gertie’s 04 Forttal..) ‘practitce 


tasks verbal instructions directed the subject to engage in 
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visual activity linking corresponding objects. Instrumental 
responses were required as evidence of such activity. No 
external reinforcement was provided since it was desired to 
avoid formation of purely verbal response sets. 

The literature reveals discrepancies in the conceptual 
analysis of conservation, varying degrees of control in the 
administration of conservation tasks, and differences in 
criteria used to assess conservation. For the present study, 
number conservation was regarded as a higher order concept 
involving inferential processes. Accordingly, all tasks 
required the subject to make two judgments about the numerical 
equivalence of sets, one before and one after a visible trans- 
formation which altered the configuration of one set. Through 
the use of film and tape recorded instructions the experimenter 
attempted to standardize the treatment procedure and to lessen 
the probability of differential cueing during administration 
of conservation tests. Stringent criteria were applied to 
assessment of conservation status and structural change was 
inferred only when logical justification, generalization and 
retention were demonstrated. In this respect it was deemed 
important to distinguish three classes of conservation response. 
Subjects were classed as non-conservers when they judged sets 
to be unequal after transformation, regardless of the reason 
given. Subjects who gave a correct primary response but 
justified this response on empirical grounds, for example by 
reference to counting, object for object matching, or some 


other strategy designed to yield empirical evidence of numeri- 
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cal equivalence, were classed as intuitive conservers. True 
conservation implying conceptualization of invariance across 
spatial transformations was inferred when a correct primary 

response was given logical justification as, for example, in 
cases where a subject referred to the initial equivalence of 
sets and the fact that nothing had been added or subtracted, 
or explained that change in length was compensated by change 
in density. Subjects whose responses fell in this category 

were termed logical conservers. 

It has been shown that eye movement patterns filmed dur- 
ing solution of conservation tasks serve to distinguish non- 
conservers, intuitive conservers, and logical conservers in 
length, substance and area tasks, and that they distinguish 
trained from untrained grade I and II subjects in number con- 
servation tasks. Accordingly, it was decided to explore eye 
movement patterns as a possible supplementary criterion of 
number conservation status in a sub-sample of grade I girls. 
Eye movements were regarded as a potentially convincing criter- 
ion since they are less susceptible to external influence than 
verbal reports. On theoretical grounds, non-conservers could 
be expected to exhibit relatively little perceptual activity; 
to centre visual fixations on one set - probably the set judged 
to be greater because of its perceptual salience, and to 
demonstrate relatively few shifts of fixation between ‘sets, 
Subjects whose verbal judgments are justified on intuitive 
rather than logical grounds should exhibit active visual 


search patterns reflecting intuitive strategies such as match- 
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ing and counting, and should take relatively longer to achieve 
solution. Logical conservers should require less time than 
intuitive conservers to reach solution and should display 


little evidence of centration or visual search. 


Subject Variables 


(1) High Mobile Intuitive Correspondence 


Ss defined as high mobile (HM) were girls who reported 
that the constructed set was equal in number to the given set 
in each of three trials administered during the test for mobility 
of intuitive correspondence. Girls whose responses were not 


consistent over three trials were excluded from the sample. 


(2) Low Mobile Intuitive Correspondence 


Ss defined as low mobile (LM) were girls who reported 
that the constructed set had more or less objects than the 
given set in each of three trials administered during the test 


for mobility of intuitive correspondence. 


(3) Mobility Control Group 


The mobility Cone e (MC) group consisted of twenty grade 
I Ss mean age six years, seven months selected by random proce- 
dure from a sample of grade I non-conserving girls with stage 
II intuitive correspondence. The MC group was exposed to the 
conservation screening test, color discrimination test, con- 


servation pre-test, immediate conservation post-test, four tests 
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for immediate generalization, delayed conservation post-test, 


and three tests for delayed generalization. 


(4) High Mobile Experimental Group 


The high mobile experimental (HME) group consisted of 
twenty HM Ss (fifteen grade I, five kindergarten) with a mean 
age of six years, five months, who were randomly assigned to 
the experimental (practice) condition. The HME group was ex- 
posed to the conservation screening test, color discrimination 
test; test for mobility of intuitive correspondence, conseéerva- 
tion pre-test, practice series, immediate conservation post- 
test, four tests for immediate generalization delayed conserva- 


tion post-test, and three tests for delayed generalization. 


(5) Low Mobile Experimental Group 


The low mobile experimental (LME) group consisted of 
seventeen LM Ss (five grade I, twelve kindergarten) with a 
mean age of six years, one month randomly assigned to the 
experimental (practice) condition. The LME group was exposed 


to the same tests as the HME group. 


(6) High Mobile Placebo Group 


The high mobile placebo (HMP) group consisted of twenty 
HM Ss (fifteen grade I, five kindergarten) with a mean age of 
six years, seven months randomly assigned to the placebo (place- 
bo film) condition. The HMP group was exposed to the same 


tests as the HME group. 
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(7) Low Mobile Placebo Group 


The low mobile placebo (LMP) group consisted of seventeen 
LM Ss (five grade I, twelve kindergarten) with a mean age of 
five years, nine months randomly assigned to the placebo 
(placebo film) condition. The LMP group was exposed to the 


same tests as the HME group. 


Eye Movement Variables 


(Cl) Conftigurational: Boundaries 

Configurational boundaries were arbitrarily determined 
for purposes of EM scoring. The configurational boundaries 
for a set were defined as hypothetical lines bounding a reac- 
angular area enclosing the set, and fixed 1" from the outer 
edges of objects in that set (see broken lines in Figure 12). 
Configurational boundaries allowed a recording error tolerance 
approximately 2X the reported accuracy of the instrument 
(Mackworth, 1967), a tolerance assumed to accommodate slight 


degrees of calibration loss during recording. 


(2) “Fixattons 

A fixation was defined as one or more successive, score- 
able, £6) mm motron picture frames in which the corneal reflec 
tion spot fell within the same circular area subtended by 


fifteen degrees of arc in the stimulus field. 


G3) Complete Frames 


Complete frames refer to 16 mm motion picture frames 
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exposed at the rate of ten per second, showing non-blurred 
corneal reflection spots falling within the configurational 


boundaries of either of two sets of stimulus objects. 


Ga} Interpolated Frames 


Interpolated frames were defined as ten or less successive 
16 mm motion picture frames, exposed at the rate of ten per 
second, in which no corneal reflection spot was visible or in 
which the reflection spot was blurred. Since the reflection 
spot may vanish as a consequence of blinking or may appear 
blurred as a result of rapid eye movement, such frames were 
scored as follows. Liicthe: mumber. of - iframes ‘(n)* was: ‘even, ny 2 
frames were attributed to the fixation ldaurtsi tte prior to dis- 
appearance or blurring and n/2 frames to the fixation occurring 
after re-appearance of a well defined spot. If n was uneven, 
n/2 + 1/2 frames were attributed to the Shorter, and n/2. -91/2 
frames to the longer of two fixations occurring before and after 


disappearance or blurring. 


(5)  Scoreable Frames 
Scoreable frames were defined as the sum of complete 


frames and interpolated frames. 


(6) Runs 
A run was defined as two or more successive fixations 
falling within the configurational boundaries: of the same set 


of stimulus objects. 
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(7) Couplings 

A coupling was defined as a shift from a fixation falling 
within the configurational boundaries of one set of stimulus 
objects to a fixation falling within the configurational bound- 


aries of a different set of stimulus objects. 


(8) Total Exposure Time 


Total exposure time, expressed in seconds, was defined 
as 1/10X the number of scoreable frames recorded during the 
interval between completion of transformation (cessation of 
motion of the last object in the transformed set) and permanent 
disappearance of the corneal reflection spot resulting from an 
eye closure response signifying S's readiness to respond to 


the conservation question. 


(9) First Three Seconds of Exposure Time 

The first three seconds of exposure time was defined as 
the first thirty scoreable frames recorded after completion 
of transformation; that is, after cessation of motion of the 


last object in the transformed set. 


Criterion Variables 


Gi) Conservation Response Classification 


For the immediate conservation post-test, immediate gene- 
ralization tests numbers one and four, the delayed conservation 


post-test, and each of three tests for delayed generalization. 
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S's verbal responses were classified as logical, intuitive or 


non-conserving if in the unanimous opinion of E and two inde- 


pendent judges they satisfied one of the following criteria 


proposed: byt Piagéetr(1969b,7 pes 98) 


CT) 


(2) 


Logical conserving response (LC) 

S judged sets to be equal in number after 
transformation and provided a justifying statement 
reflecting one or more of the following operations: 
(a) Simple identity; for example: “They're the 

same things. They just moved apart a bit." 

(bh) Additive, identitys\for-example:/"Youldidn’ t 
add any" or "None went away." 

(c) Reversibility by inversion; for example: "They 
could go back where they were before." 

(d) Compensation or reversibility by reciprocal 
relationship; for example: "This row is longer 
than that one but the things have bigger spaces 
between them." 

Intuitive conserving response (IC) 

S judged sets to be equal in number after trans- 
formation and provided a justifying statement which 
was empirical rather than logical. Intuitive justi- 
fications centred on the transformed state of sets 
without reference to the transformation; for example: 
"There are nine here and nine here", or "I counted." 
Also classed are intuitive were indefinite justifi- 
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"John told me." 
(3) Non-conserving response (NC) 
S judged sets to be unequal in number after 


transformation regardless of justification. 


In the case of immediate generalization tests numbers two 
and three (subtraction and addition), a response classed LC 
indicated that sets were unequal in number and referred to the 
EAcCteoOL supteraction (oer? addition) by way of justification. 

As for other tests, IC responses were those classed as empiri- 
cal. A response was classed NC if S judged sets to be equal, 
or if a judgment of inequality was followed by reference to 
configuration; for example: "This one has more... because its 


longex 


(2) Terminal Conservation) Status 

A non-conserver was defined as a subject who gave NC 
responses in one or more of the conservation post-tests or 
test for generalization. 

An intuitive conserver was defined as a subject who gave 
no NC responses but gave one or more IC responses in conserva- 
tion post=-tests or tests for generalization. 

A logical conserver was defined as a subject who gave 
LC responses for both immediate and delayed conservation post- 
tests and for all tests for generalization both immediate and 


delayed. 
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(3) Practice Errors 

Practice errors were defined as verbal judgments indicat- 
ing inequality of transformed and non-transformed sets, given 
by HME and LME Ss in response to conservation questions pre- 
sented aty the conclusion /of eachvoft “eight tasks, comprising the 
practice series. Total practiceverrors referred to ithe “sum-of 


practice errors over eight tasks. 


C4) - EMACriterda 
(1) Exclusive centration was defined as zero couplings 
implying that in a given period of exposure time 
all fixations fell within the configurational bound- 
aries of one set of stimulus objects. 


(2) Number of couplings wasidefined as the “sum of coup- 


lings occurring in a given period of exposure time. 

(3) Couplings per second in total exposure time was 
defined as the ratio of number of couplings occurr- 
ing in total exposure time to total exposure time 
in seconds. 

(4) Solution time was defined as total exposure time. 

(57) Number of fixationessin total vexposire time refers 
to tthe sum of iixations occurring ,instotal"expostre 
time, 

(6) Mean length of run, expressed in seconds, was de- 
fined as the ratio of the number of runs made to 
1/10X the number of scoreable frames in a given 


period of exposure ‘time. 
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Postulates and Hypotheses 


(1) Mobility-Treatment Interaction 


If high mobility of stage II intuitive correspondence 
represents a greater degree of operativity of the equivalence 
scheme than does low mobility, and if perceptual activity faci- 
litates elaboration of structures which are already semi- 
operative, then the interaction of mobility level and induced 
perceptual activity should be manifest in the conservation 
responses of high and low mobile non-conservers exposed to 
induced perceptual activity during solution of number conserva- 
tion problems. 

Postulate I: Interaction of treatment and mobility 

level will be evident in the proportion 

of LC responses given by HME, HMP, LME and 
LMP Ss in conservation post-tests and 
tests for generalization. 

Hypothesis 1: Multiple contingency analysis of propor- 

tions of LC responses given by HME, HMP, 
LME and LMP groups in the immediate con- 
servation post-test, delayed conservation 
post-test, and each of four immediate and 
three delayed tests for generalization 
Will meveal=aretentiteant ordinal anter= 


action between mobility and treatment. 
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(2) Conservation Post-Test Performance 

If high mobility plus practice in visual matching are 
conditions which combine to facilitate advance in conservation 
status and if this combination is superior in effect to alter- 
native conditions; namely; low mobility plus practice, and no 
practice irrespective of mobility, then pre-test - post-test 
change in conservation responses should be more frequent among 
HME Ss than among SEneomennunes 

Postulate Il: The proportion of Ss who change from 
pre-test NC responses to post-test LC 
responses will be greater among Ss in the 
HME group than among Ss in the HMP, LME, 
LMP and MC groups. 

Hypothesis 2a: The proportion of Ss who give LC res- 
ponses in the immediate conservation 
post-test will be significantly higher 
for the HME group than for the’ HMP,~ LME, 
LMP and MC groups respectively. 

Hypothesis 2b: The proportion of Ss who give LC responses 
in the delayed conservation post-test 
wilh beasignificantly higher for the HME 
group than for the HMP, LME, LMP and MC 


groups respectively. 


(3) Generalization 


If generalization is a necessary criterion of conserva- 


tion attainment and if high mobility of intuitive correspond- 
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ence we practice in visual matching is superior to other 
conditions in facilitating advance in conservation status, 
then high mobile Ss exposed to practice should exhibit a 
greater degree of generalization than other groups. 

Postulate III: The proportion of Ss who give LC res- 
ponses in generalization tests will be 
greater among Ss in the HME group than 
among Ss in the HMP, LME, LMP and MC 
groups. 

Hypothesis 3a: The proportion of Ss who give LC responses 
will be significantly higher for the HME 
group than for the HMP, LME, LMP and MC 
groups respectively in each of immediate 
OT Sart on tests numbers” i, (2, 3 and) 4. 

Hypothesis 3b: The proportion of Ss who give LC responses 
will be significantly higher for the HME 
group than for the HMP, LME, LMP and MC 
groups respectively in each of delayed 


generalization tests numbers 1, 2 and 3. 


CG feclerminal Conservation, Status 

If adequate criteria of conservation attainment include 
logically justified conservation responses, retention over time, 
and generalization to novel number conservation tasks, and if 
high mobility of intuitive correspondence and practice in 
visual matching combine to facilitate advance in conservation 


status, then high mobile subjects exposed to practice should 
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demonstrate superior performance on all criteria combined. 

Postulate IV: The proportion of Ss who attain terminal 
status of logical conserver will be greater 
among Ss in the HME group than among Ss in 
the HMP, LME, LMP and MC groups. 

Hypothesis 4: The proportion of Ss who give LC responses 
in both the immediate and delayed conserva- 
tion post-tests and in all of four immedi- 
ate and three delayed tests for generaliza- 
tion wilieobe wienificantly higher for “the 
HME group thanitor che ei? ."LMES LMP and 


MC groups respectively. 


(Oy) orractice Errors 
If assimilation of the products of perceptual activity 
is dependent on mobility of relevant structures, then, after 
practice in visual matching, Ss whose schemes of stage II 
intuitive correspondence are more mobile should make fewer 
errors than Ss whose schemes are less mobile when required to 
judge the numerical equivalence of transformed and non-trans- 
formed sets. 
Postulate V: HMUSs-will make fewer, errors in the prac= 
tice series than will LM Ss. 
Hypothesis 5: Mean practice errors will be significantly 
higher for (the LME group, than for ‘the HME 


group. 
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(6) Visual Centration During Solution of Delayed Genera- 
lization Tasks 


If eye movement patterns are related to number conserva- 
tion status in grade I girls and if non-conservers tend to 
direct their attention to one set of elements to the neglect 
of the other set during solution of delayed generalization 
tasks, then, in the first few seconds after completion of a 
transformation, Ss who judge sets to be unequal should exhibit 
a peearer degree of exclusive visual centration than Ss who 
give logically justified conserving responses assumed to 
reflect decentration of thought and conceptualization of rela- 
tions. Similarly, over longer time intervals non-conservers 
should display fewer couplings between sets than logical con- 
servers and fewer couplings than Ss who justify their conserv- 
ing responses by reference to counting, visual matching, or 
some other empirical strategy daplegéa to compare the number 
of objects in transformed and non-transformed sets. 

Postulate VI: Exclusive visual centration during the 
first three seconds after completion of 
altransformationtwillabe more charactéris- 
tic of Ss who’ give NC responses than of 
Ss who give LC responses. 

Hypothesis 6: THE *proportLon OF ASsowhorexhibit+exelu-= 
sive visual centration (zero couplings) 
in the first three seconds of exposure 
time will be Significantly higher for $s 


who give NC responses than for Ss who give 
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LC responses, in each of three delayed 
generalization tests. 

Postulate VII: Ss who give NC responses will exhibit a 
lower rate of coupling during total 
exposure time than will Ss who give IC 
or LC responses. 

Hypothesis 7: The sum of ranks for couplings per second 
in total exposure time will be significant- 
ly lower for Ss who give NC responses than 
for Ss who give LC or IC responses in each 


of three delayed generalization tests. 


(7) Solution Time and Number of Visual Fixations During 
Solution of Delayed Generalization Tasks 


If Ss who supply intuitive explanations search for em- 
pirical evidence of numerical equivalence after transformations 
are completed, this tendency should be reflected in eye move- 
ment patterns. Ss whose responses are ciassed as intuitive 
should exhibit more fixations than logical conservers in total 
exposure time, and should take longer to reach solution than 
logical conservers or non-conservers. 

Postulate VIII: Ss who give IC responses will demonstrate 
more fixations than Ss who give LC or NC 
responses in total exposure time. 

Hypothesis 8: Mean number of fixations in total exposure 
time will be significantly higher for Ss 


who give IC responses than for Ss who 
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give LC or NC responses respectively 
in each of three delayed generalization 
tests ¢ 

Postulate IX: Ss who give IC responses will demonstrate 
a longer solution time than Ss who give 
LC or NC responses. 

Hypothesis 9: Mean number of seconds solution time 
will be significantly higher for SS who 
give IC responses than for Ss who give 
LC or NC responses respectively in each 


of three delayed generalization tasks. 


(8) Distribution of 'Vitsial ahix aphorns abwrinrgesio bition.nof 
Delayed Generalization Tasks 


If non-conservers centre their attention on one set to 
the neglect of the other, then ee imbalance in the distribution 
of successive visual fixations on transformed and non-trans- 
formed sets should be apparent. Moreover if configuration 
is the prime determinant of equivalence judgments of non- 
conservers and if they centre their attention on the set ulti- 
mately judged to be greater in number, this tendency should be 
reflected in eye movement patterns. 

If the judgments of logical conservers are independent 
of the qualitative features of sets, then they should demonst- 
rate a relatively equitable distribution of successive fixa- 
tions between transformed and non-transformed sets. ime Liy:, 


if intuitive conservers employ empirical strategies for com- 
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paring the number of objects in transformed and non-transformed 


sets, then they should demonstrate a relatively equitable 


distribution of successive fixations. 


Postulate X: 


Hypotheses: 


Oa 


LObe 


LOc 


Ss who give NC responses will exhibit 
greater meanjslength of .run on one set 

than on the other set in the first three 
seconds and in total exposure time, and 
mean length of run will be greater on the 
set judged to contain the greatest number 
of objects after transformation. Ss who 
give LC or IC responses will exhibit no 
difference in mean length of run on trans- 
formed and non-transformed sets in the first 
three seconds and in total exposure time. 
During the first three seconds of exposure 
time and during total exposure time in each 
of three delayed generalization tasks: 

Ss who give NC responses will exhibit a 
significant difference between mean length 
of run on the transformed set and mean 
length of run on the non-transformed set. 
Ss who give NC responses will exhibit 
significantly greater mean length of run 
on the set judged to be greater than on 
the set judged to be lesser in number. 

Ss who give LC responses will exhibit no 


significant difference between mean length 
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of run on the transformed set and mean 
length of run on the non-transformed set. 
Ss who give IC responses will exhibit no 
significant difference between mean length 
of run on the transformed set and mean 


length of run on the non-transformed set. 
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CHAPTER IV 


PROCEDURE 


The Population 


The population sampled in this study was assumed to con- 
sist of middle class western Canadian kindergarten and grade I 
girls of normal intelligence whose understanding of numerical 
equivalence had reached the stage II intuitive level but had 


not extended to conservation of number. 


The Sample 


The sample consisted of 94 girls, 60 registered in regu- 
lar grade I classes in four Edmonton Public Schools, 22 enrolled 
in two privately operated kindergartens, and 12 in regular 
attendance at a subsidised Day Care Center operated under the 
jurisdiction of the City of Edmonton Department of Social Ser- 
vice. Selection of institutions was planned to yield a sample 
presumed to be balanced with respect to socio-economic status. 
All Ss resided in districts ranging from predominantly upper 
to predominantly lower middle class. 

At the time of testing, the mean age of kindergarten 
Ss was 5 years 7 months (S.D. 4.11 months) and the mean age 
of grade I Ss was 6 years, 7 months (S.D. 4.40 months). Ages 
ranged from 5 years, 3 months to 6 years, 4 months for kinder- 
garten Ss and from 6 years, 1 month to 8 years, 2 months for 


grade I Ss. All kindergarten Ss were qualified by age to enter 
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Ss were selected if they.qualified on,each of the follow- 

ing criteria: 

(1) Initial conservation status of non-conserver. 

(2) Demonstration of stage II intuitive correspondence. 

(3) Ability to discriminate relevant colors as deter- 
mined by the color discrimination test. 

(4) Freedom from severe visual, auditory or speech 
defects as determined from institutional records. 

(5) Parental permission for participation. 

(6) Classification as HM or LM as determined by the test 
for mobility of intuitive correspondence, with 
exception of Ss assigned to the MC group. 

Among 166 girls tested, the following numbers were ex- 


cluded for the reasons indicated. 


Parental permission withheld 14 
Initial status of conserver Se: 
Stage I intuitive correspondence 3 


Unclassified (inconsistent responses) in 
test for mobility of intuitive correspondence ii 


Absence on date of delayed testing i 


The EM Subsample 


The EM subsample consisted of 34 grade I Ss for whom com- 
plete EM data were obtained for one or more of three delayed 
generalization tasks. Data for all three tasks were obtained 


Eom 20,8Ss . 
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With the exception of Ss who regularly wore corrective 
lenses (N=2), all grade I Ss in HM, LM and MC groups (N=58) 
were brought to the laboratory for EM recording. 24 Ss were 


excluded for the reasons indicated below. 


Refusal to accept bite bar 2 
Mouth too small to accommodate bite bar 1 
Failure to achieve calibration 6 
Unscoreable data (see Appendix B) 14 
Malfunction of camera 1 


Selection and Classification Tests 


Ci)] Sinitial Conservation Status 

Non-conservers were defined as Ss who reported that one 
set contained more elements than the other following trans- 
formation in both the conservation screening test and the con- 
servation pre-test. Conservers, that is, girls who reported 
that sets were equal in number following transformation in 


either or both of these tests were excluded from the sample. 


(2) Conservation Screening Test 


The conservation screening test consisted of presenta- 
tion of parallel rows, equal in length, each containing eight 
blue plastic counters 1" in diameter. \(S was asked: "Do both 
rows have the same number of chips or does one row have more 
chips than the other?" When S replied that both rows had the 


same, she was directed to: "Watch what I do." E then performed 
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a linear transformation extending the intervals between counters 
in-ther row closestetooS fromal/4lsto 3/4". E then asked: "Now 
do both rows have the same number of chips or does one row have 
more chips than the other?" S's response was recorded as C 


(conserver) or NC (non-conserver) on a checklist. 


(3) Test for Stage II Intuitive Correspondence 

The test for stage II intuitive correspondence consisted 
of presentation of a row of nine blue plastic counters 1" in 
diameter with 1/2" between counters, and a box containing 14 
red counters of the same size. Instructions were: "This time, 
I want you to make a row of red chips along here (E traced a 
line between S and the given row parallel to the given row and 
da wle/e2s" .b.e How tbt:, awdstch her finger) sata make it so there are just 
the same number of red chips as there are blue ones." S's 


response was recorded as correct (equal row) or incorrect (un- 


equal row) on a checklist. 


(4) Color Discrimination Test 

The color discrimination consisted of presentation of a 
box containing 1" square plasticized color samples, two squares 
representing each of the colors (red, blue, green, yellow, 
magenta, orange) which would subsequently appear as attributes 
of some object or stimulus figure used in testing or film- 
mediated practices eS*was told: “I° want you: to: pick out one 
saparevoft each different. color.cotTry tomfind all® the* different 


colors and put the ones you pick out over here." (E pointed to 
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a. lear) areardn front. of. 'S). S's response was recorded as 


cormect oxnidncorrect, on. ai.checklists 


(Spud best. foraMobibity.of Stage Il Intuitive Correspondence 


Lhe, testator mobility, of stage .l intuitive correspondence 
consist ed tom ethree triads ,-eath involving presentation of a 
sety of. plastic counters arranged. in..a cirele, and a heap con- 
taining four to six counters in excess of the number required 
tol cons truat an equivalent set... All counters were 7/10" in 
dijametem., oF waeyctold:: “owant, you to,.make a circle of... 
(color name) ones around here (E traced the circumference of 
the circle to be constructed with her finger) and make it so 
there's "a... .,¢co.lor, mame for .set. to,.be constnucted).to go with 
every... (color name of given set).'" No comments were intro- 
jected if S correctly matched counter for counter to produce 
an equivalent set. Ln .caees .0.f incorrect,constpuetigqn,  ,if an 
insuffiiicient "number of »counters .had-been used, E said."Let's 
see, that one goes with that one, and.that one with that one, 
(E continued to point to pairs adjusting physical correspond- 
ence when necessary, to equate intervals between counters). 
Is there one to go with this one?" The same procedure was 
followed when an excessive number of counters had been used, 
except that E pointed to extra counters asking: "Do you need 
that one?" When S had amended construction errors, E said: 
"Now}) here in+the.~cireles, are.athere-more ....'s (color name 
of given get) aoruameréns.eals Ceoogolor.namenof,constructed.set), 
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names)?'' For each trial, S's response was recorded as correct 

(sets judged equal) or incorrect (sets judged unequal) on a 

checklist. On completion of three trials, S was classified 

and) recordedwas” AM™=(all: trials correct) LM (all-triials: in- 

correct) or unclassified (some trials correct, some incorrect). 
Trials 1, 2 and 3 differed with respect to (a) colors 

of sets; (b) distance between counters in the given set; and 

ic) location of the constructed set (greater or lesser diameter; 

i.e., outside or inside the given set). Colors, spacing and 


location of given and constructed sets are shown in Figure 4. 


(6) Conservation Pre-Test 

The conservation pre-test consisted of a number conserva- 
tion task involving presentation, via 16 mm colored motion pic- 
ture film, of two parallel 4 1/2" rows spread 3/10" apart, each 
row containing eight circular yellow flowers 1/5" in diameter, 
spaced 3/10" apart. Flowers were displayed on a flat black 
ground. (All dimensions refer to projected size). 

Tape recorded instructions were delivered by E via remote 
control. S was first asked: "Do both rows have the same number 
of flowers or does one row have more flowers than the other?" 
When S had replied, instructions directed her to: "Watch what 
happens." A transformation occurred in which flowers in the 
transformed set moved sequentially to form a longer (6") row 
with 1/2" between flowers (see Figure 5). 

S was asked: "Do both rows have the same number of 


flowers or does one row have more flowers than the other?" 
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S's response was recorded on a checklist as C (conserver) or 


NC (non-conserver). 
PRE=TRANSFORMED 
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TRANSFORMED 


Bite 29D. Stimulus figures in pre-transformed and 
transformed states for the conservation 
pre-test. (Reproduced to scale: 1/2 x 
projected size.) 


Overview of Experimental Design and Procedure 


A screening test for conservation of number and a test 
for stage II intuitive correspondence was administered to 45 
kindergarten and 121 grade I girls. From grade I girls identi- 
fied as non-conservers with stage II correspondence, 20 were 
randomly selected and designated as the mobility control (MC) 
group. Remaining Ss were tested for mobility of intuitive 
correspondence. 40 Ss classified as high mobile (HM) and 34 
Ss classified as low mobile (LM) were identified. 

To confirm that all Ss were non-conservers at the outset 


of treatment, a pre-test of number conservation was administered 
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by means of colored motion picture film and tape recorded 
ingtructors to HM, bM,;and MC .groups, 

Ss in HM and LM groups were randomly assigned to one of 
two treatment conditions. 37 Ss (20 HM; 17 LM) designated as 
HME and LME groups were exposed to the experimental condition 
consisting of guided practice in solution of a series of eight 
number conservation tasks (practice series), presented by way 
of colored motion picture film accompanied by tape recorded 
instructions. Tasks in the practice series were arranged in 
decreasing order of redundancy relative to amount of task- 
relevant information (color cues) provided. For each of the 
first six tasks instructions were designed to elicit visual 
coupling of color-corresponding objects between transformed 
and non-transformed sets. The last two tasks involved homo- 
geneously colored objects providing no perceptual basis for 
one-to-one matching. For each task a verbal judgment was 
elicited with respect to the numerical equivalence of -trans- 
formed and non-transformed sets. Responses were tape recorded 
and an error score (practice errors) was computed for each S. 

37 Ss (20 HM; 17 LM) designated as HMP and LMP groups 
were exposed to placebo treatment consisting of viewing a 
colored language film of approximately the same length as the 
practice film. The tapescript accompanying the placebo film 
included questions which S was expected to answer vocally. 

Immediate and delayed post-tests of conservation identi- 
cal to the conservation pre-test were administered to all 


groups. The immediate post-test was administered following 
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treatment and the delayed post-test after an interval of 13 
to 15 days from the date of pre-testing. 

All groups were exposed to seven tests for generaliza- 
tion. Tests for immediate generalization consisted of four 
number conservation tasks involving, respectively, use of 
color as an irrelevant attribute, use of color as a misleading 
attribute, subtraction of an element from the transformed set, 
and addition of an element to the transformed set. After a 
13 to 15 day interval, three novel number conservation tasks 
were administered by way of black and white motion picture 
film. Differences among delayed generalization tasks Pelee ad 
to spatial orientation of sets, and not to the number, size or 
shape of objects, which were constant over all three tasks. 

For grade I Ss in all groups, eye movements were filmed 
during solution of delayed generalization tasks. Eye movement 
(EM) data were analyzed relative to the number of couplings 
between sets, the total number of fixations, the time taken 
to reach solution and the distribution of successive fixations 
(mean length of run) between transformed and non-transformed 
sets. Analyses were performed on each of these variables over 
total exposure time and, in the case of couplings and mean 
length of run, over the first three seconds of exposure time. 

All testing and treatment was administered individually. 
Screening, pre-testing, treatment, immediate post-testing, 
and immediate testing for generalization was carried out in 
a single half-hour session conducted in S's school or kinder- 


garten. Delayed tests were administered in the EM laboratory 
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at the university for grade I Ss, and in their respective 
institutions for kindergarten Ss. 

Except for verbal reinforcement of matching activity in 
tasks one and two of the practice series, no material rewards 
or verbal reinforcements including knowledge of results were 
provided by the experimenter at any stage of testing or treat- 
ment. 

A schematic outline of design and procedure is presented 


in Figure 6 below. 


Schedule for Data Collection 

Data collection commenced in mid-January, 1970 and was 
completed ay the end of May. Except for school holidays and 
contingencies related to school or classroom schedules, testing 
was conducted each weekday within regular school hours. First 
aoe ea sessions for kindergarten Ss and first sessions for 
grade I Ss were distributed between mornings and afternoons. 
All testing conducted in the EM laboratory took place in the 
morning. Within each institution first sessions were completed 
for all girls in one classroom before testing began for girls 
in the next class. Girls were tested in the order in which 
they were released by their teacher and E had no prior know- 
ledge of this order. Testing was completed in one institution 
before it commenced in another. 

Teachers, administrators and parents were made aware of 
the general purpose of the study, explicitly that it was an 


investigation of how normal children acquire certain basic 
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ideas about number. Teachers who expressed interest were 
invited to view the practice film after treatment had been 
completed for Ss in the school concerned. Parents and school 
personnel were not aware of the design of the experiment, hence 
few anticipated treatment differences and none knew the parti- 
cular treatment conditions to which individual pupils were 
exposed. No information concerning intelligence test scores, 
readiness test scores, school achievement or socio-economic 
status of individuals was solicited by E. Cooperation of 
administrators, teachers and parents was excellent in all 


institutions visited. 


Treatment Conditions 


Cl). Pi hot. :S tudes 

Two pilot studies were undertaken in order to make a 
preliminary assessment of the effect of cue-guided practice 
on conservation status and the relationship of mobility of 
intuitive correspondence to practice ‘effects. Procedure and 
results of these studies are reported in Appendix A. The prac- 
tice series employed in pilot studies was similar to the series 


described below with respect to task sequence and color cues. 


(2). Practice Series 
The practice series consisted of eight conservative 
number conservation tasks each involving presentation, via 


16 mm cotored motion picture film, of a 4 1/2" row containing 
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quidinée figures of seven girls .spaced.2/5'! vapart geand <a 
parallel row 3/5" below the row of girls, containing seven 
balls spaced the same distance apart as girls. Figures were 
displayed on a flat black ground. 

Color cues were provided through correspondence between 
the color of each girl's. dress.and the color of the ball 
directly beneath that girl in the pre-transformed display. 

All instructions were tape recorded and delivered by E by 
remote.control. 

An introductory film sequence accompanied by tape com- 
mentary, showed balls (amorphously arranged) moved to correspond 
spatLally sand in, color with .g~irls ,in,order .to show that ithere 
were: "...enough balls so that every girl can have one." 

Prior to ,transformation S was directed to answer. two questions; 
namely: "Is there a ball for every girl?" and "Are there more 
balls than girls or less .balls.than girls, or,just the.same 
number of each?" The form of the latter question aeieieaanes 
what from task to task. Responses were tape recorded. 

Following transformation.of .balls in. tasks one to six 
inclusive, a red arrow appeared above the figure at the left 
hand end of the vrowlot iris ....<inatruetions adirected 5 ..to: 
teointato the «bal L that belongs sato.this, gici.'t...tThe.game 
directive, in a variety of forms, was repeated as the arrow 
moved left to right from figure to figure allowing an average 
of seven seconds for S$ to respond... Intervals allowed for 
pointing decreased slightly in length from earlier to later 


tasks in the series. In the event that a pointing response 
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was not made within the interval allowed by the film, E 
switched the movie projector to stop-action until S had 
pointed{tononelofethéexballsrin the transformed:iset« sIncorrect 
pointing responses were not acknowledged or corrected by E. 

For tasks one and two the words: "Right" and "Good" respec- 
tively were included in the tapescript and delivered immediately 
after S had pointed to the ball judged to correspond with the 
rictre sat ene, Trignt band end of icheyrow of eirls3; (that is; upon 
completion of matching activity. These were the only reinforc- 
ing terms employed in the practice series. Matching activity 
was not elicited in tasks seven and eight which provided no 
differential color cues relative to girl-ball correspondence. 
The arrow did not appear in theee tasks. 

Following disappearance of the red arrow in tasks one to 
six and following completion of transformation in tasks seven 
and eight, S was directed to answer two questions; namely: 

"Is there a ball for every girl?" and "Are there more balls 
than girls or less balls than girls or just the same number 

of each?" Again the form of the latter question varied from 
task to task. The response interval allowed by the film aver- 
aged ten seconds for each question. Stop-action was used in 
the event that .Souhnad mot replied within’ that anterval. Ss 
verbal responses were tape recorded. 

A complete transcript of taped instructions delivered 
during the practice series is presented in Appendix A. 

Figure 7 shows the form and color of stimuli (reproduced 


three times the projected size) and Figures 8 to 11 inclusive 
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illustrate color attributes and post-transformed configurations 
for each of eight tasks. It may be,noted’ that task sequence 
provided for change in color attributes omin transformation, 


but that both were not altered concurrently. 


Pig. 72 SEIMULUS figures for the practice 
series. (Reproduced to scale: 
3 x projected size.) 
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All transformations were sequential and averaged 22 
seconds in duration at a projection speed of 24 frames per 
second. Order of transformation was constant over all tasks 
commencing with the ball at the left hand end of the pre-trans- 
formed set and continuing left to right until the ball at the 
right hand end was in place in the transformed configuration. 
At no point were two balls in motion simultaneously. Total 
projection time at 24 frames per second for the full practice 
series, excluding stop-action intervals, was 11 minutes, 20 
seconds. 

Tape recorded responses were used to compute a practice 
error score for each S. Responses indicating that sets were 
unequal in number after transformation were scored as errors 
irrespective of S's response to the question preceding the 
conservation question; namely, "Is there a ball for every 


ginlaYa-Eunor scores for the series thus ranged from 0 to 8. 


(3) Placebo Treatment 

The placebo treatment condition consisted of presentation 
of a commercially produced colored motion picture film entitled 
bAndyus pAnimal Alphabet'..(March of .Time Films, Inc., 1950). 
This film, intended for educational use in primary language 
programs, follows "Andy", a young orangutan, and his keeper 
on a trip around the zoo where they find animals whose names 
begin with letters of the alphabet. Each sequence commences 
with a picture of a jlarge block bearing a single letter... .Sub= 


sequently one or more animals beginning with that letter are 
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shown in the zoo setting. 

Tapescripts prepared by E were substituted for the regu- 
lar sound track. For grade I girls, instructions directed §$ 
to name each letter shown, and, if possible, to name the ani- 
mals; for example "What is this letter?" "If you know this 
animal, tell me what it's called." Names of common animals; 
for example, “bear”, “camel”, “deer”, “elephant”, “frog were 
not provided. In the case of less familiar animals; for example, 
"antelope", "hippopotamus" and "jaguar", a name was provided, 
for example; "Do you know what this is?" (pause) "It's called 
a rhinoceros, ...R for rhinoceros." In the event that S was 
unable to name a letter within time limits allowed by the film, 
stop-action was used to extend the response interval. Errors 
were not acknowledged or corrected, and the script contained 
no words such as "right" or "good" which could be construed 
as reinforcing. 

An adapted script which omitted questions relating to 


letter names was used for kindergarten Ss; for example, "Here's 


AbLOck WLU, bMOtinety as. Wheat e this animal?) Cpause- for 
S's response) Bear begins with B." Stop-action was not used 
for kindergarten Ss. Otherwise, conditions were the same as 


for grade I Ss. 
Total viewing time, exclusive of stop-action intervals, 


was ten minutes. 
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Number Conservation Criterion Tests 


(1) Immediate Conservation Post-Test 

Except for an additional question, the immediate con- 
servation post-test was identical to the conservation pre-test 
and was administered immediately after task eight of the prac- 
tice series for HME and LME groups, immediately after the place- 
bo film for HMP and LMP groups, and after 1/2 hour of régular 
school activity for the MC group. After S had responded to 
the conservation question: "Do both rows have the same number 
of flowers or does one row have more flowers than the other?", 


S was asked: "How do you know?" Responses were tape recorded 


and transcribed verbatim. 


(2) Immediate Tests for Generalization 
Four tests for immediate generalization were administered, 
upon completion of the immediate conservation post-test, in. tive 
order in which they are described below. Materials for genera- 
lization tasks one and two were plastic counters 7/10" in dia- 
meter in four colors: red, yellow, green and blue. Materials 
used in generalization tasks three and four were, respectively, 
Mauve candies and green candies ("Smarties", 1/2'' in diameter). 
(1) Immediate Generalization Task One consisted of pre- 
sentation of two parallel rows, each containing ten 
counters colored as shown in Figure 12 below. E 
asked S: "Do both rows have the same number of chips 


or does one row have more chips than the other?" 
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When S indicated that rows were equal, E performed 

a sequential transformation first placing all blue 
counters, then all green counters and finally all 
yellow counters in three respective columns as 
illustrated -in Pigure 12m  Eethen asked@S: "Are 
there more chips here (E pointed to the non-trans- 
formed row) or more chips here (E made an encompass- 
ing gesture indicating the whole grouping of trans- 
formed objects) or are there the same number here 

(E indicated the transformed set) as there are here 
(E indicated the non-transformed set)?" After S had 
replied, E asked: "How do you know?" Responses were 
tape recorded and transcribed verbatin. 

Immediate Generalization Task Two consisted of pre- 
sentation of two parallel rows, each containing 
eight counters colored as shown in Figure 13 below. 
E asked S: "Do both rows have the same number of 
chips or does one row have more?" When S indicated 
that rows were equal, E performed a linear, simultan- 
eous transformation (two counters in motion at a 
time commencing at the extremities and working to- 
ward the centre of the set) resulting in extension 
of intervals between counters as shown in Figure 10. 
E asked S: "Does one row have more chips than the 
other or do they both have the same number?" When 

S had replied, E asked: "How do you know?" Responses 


were tape recorded and transcribed verbatim. 
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(3)) Immediate Generalization Task Three consisted of 
presentation of two parallel rows, each containing 
nine mauve candies. E asked S: "Do both rows have 
the same number of Smarties or does one row have 
more?" When S indicated that rows were equal, E 
said "Watch carefully what happens", and performed 
a sequential transformation resulting in the con- 
figuration shown in Figure 14. E then picked up 
and ate the candy indicated by the arrow in Figure 
14. E asked "Are there more Smarties here (indicat- 


ing the non-transformed set) or more here (indicat- 
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ing the transformed set) or just the same number 
here (non-transformed set) as there are here (trans- 
formed set)?" When S had replied, E asked "How do 
you know?" Responses were tape recorded and tran- 


scribed verbatim. 
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Fig. 14. Arrangement of stimulus materials 
for immediate generalization test 
TO oo 


(4) Immediate Generalization Task Four consisted of 
presentation of two parallel rows, each containing 


eight green candies, and a box containing eight to 
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ten identical candies located 6" above the top 

row. E asked: "Do both rows have the same number 
of Smarties or does one row have more?" When § 
indicated that rows were equal, E said "Watch what 
happens", and performed a sequential transformation 
resulting in the configuration shown in Figure i5. 
E then took a candy from the box and placed it in 
the position indicated by the arrow in Figure 15. 

E asked: "Are there more Smarties here (indicating 
the non-transformed set) or more here (indicating 
the transformed ea or just the same number here 
(non-transformed) as there are here (transformed) ?" 
When S had replied, E asked: "How do you know?" 


Responses were tape recorded and transcribed verbatim, 
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(3) Delayed Conservation Post-Test 


The delayed conservation post-test was identical to the 
immediate conservation post-test and was administered 13 to 


15 days after the conservation pre-test. 


(4) Delayed Tests for Generalization 


Three tests for delayed generalization were administered, 
immediately after the delayed conservation post-test, in the 
order in which they are described below. Stimuli for each 
task were eight 2/5" black squares and eight black circles 
2/5" in diameter (projected size) displayed on a light grey 
ground and presented via 16 mm black and white motion picture 
film. Accompanying instructions were tape recorded and de- 
livered by E via remote control. For each task, S's responses 
were tape recorded and transcribed verbatim. 

(1) Delayed Generalization Task One consisted of pre- 
sentation of parallel rows, the top row containing 
eight squares and the bottom row containing eight 
circles (see Figure 16). Instructions were: "Here 
are two groups of things. See, the things in one 
group are squares and the things in the other group 
are circles. Tell me, do both groups have the same 
number of things or does one group have more things 
than the other?" When § indicated that groups were 
equal, a sequential transformation of circles occur- 
red resulting in the circular configuration shown in 


Figure.16. Duration of the transformation was-15 
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seconds. Taped instructions asked: "Do both groups 
have the same number of things or does one have 
more?", and, after S had replied: "How do you know?" 

C2) Delayed generalization Task Two consisted of pre- 
sentation of parallel coltmns, the left hand column 
containing eight squares and the right hand column ~ 
containing eight circles (see Figure 16). Instruc- 
evade were: "See these two groups of things? Tell 
me, do both groups have the same number of things 
or does one group have more things than the other?" 
When S indicated that groups were equal, a sequen- 
tial transformation of circles occurred resulting 
in the diagonal configuration shown in Figure 16. 
Duration of the transformation was 12 seconds. 
Taped instructions asked: "Do both groups have the 
same number of things or does one group have more?", 
and after S had replied, "How do you know?" 

(3) Delayed Generalization Task Three consisted of pre- 
sentation of parallel rows the top row containing 
eight circles and the bottom row containing eight 
squares (see Figure 16). Instructions were: "See 
these two groups of things?" Tell me, do both 
groups have the same number of things or does one 
group have more things than the other?" When S 
indicated that groups were equal, a sequential 
transtormation of ‘circles, occurred resulting the 


two-column configuration shown in Figure 16. Dura- 
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tion of the transformation was 19 see oadine Taped 
instructions asked: "Do both groups have the same 
number of things or does one group have more?", 
and, after S had replied, "How do you know?" 
Stimulivin *Figure*]16®atendrawn “to tscalejol/3 tines 


projected areens 


Apparatus and Procedure 


Gi). Production of Testing and) Practice Films 


For the conservation pre- and post-test film, the prac- 
tice series film and the film presenting delayed generalization 
tasks, stimulus figures were cut from stiff cardboard and 
mounced on 1/2" 3/4 x. 1/ 8 magnets backed witn "felt, Con- 
tact between stimulus figures and a vertically mounted card- 
board background screen was maintained by means of magnets, 
placed in corresponding position, on the ree surface of the 
screen. Stimulus motion was achieved by manual manipulation 
of magnets on the rear surface according to patterns pre-drawn 
on that surface. A flat black ground was used for ehe pre- 
and post-test film and for the practice film. A light non- 
reflective grey ground was used for delayed generalization 
tasks. Task-relevant colors used in the practice film were 


standard, namely Truprint (Schmidt Printing Inks, Montreal) 


Broken lines bounding each set were not part of the 
stimulus display in delayed generalization tasks. These 
boundaries enclose areas defined for the purpose of EM scor- 
ing (see p.) 4:1). 
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I51TP blue; 110TP orange; 140TP green, and 120TP magenta 
printed on Wellington offset 140M layout paper. 

An 8 mm version of the practice series film was produced 
without technical assistance to assess the general feasibility 
and effectiveness of the film medium and to evaluate colour 
selection, timing of stimulus presentation and clarity of 
instructions. This series was administered to three grade I 
girls. Observation suggested that time intervals allowed for 
verbal responses could be reduced from an initial estimate and 
that instructions related to pointing did not need to be re- 
peated in full for each task since Ss readily learned to attend 
to the arrow signal and, without! *fur ther "prompting, ito “point 
to appropriate objects in the transformed set. 

Professional cinematographers were engaged for production 
of 16 mm films used in the study. Kodak Tri-~X reversal film 
was used for black and white Sand Kodak Ektachrome (professional 
type) for color production. Films were exposed at 16 frames 
per second and later projected at the standard rate of 24 
frames per second to compensate for the slowness of stimulus 


movement necessitated by manual manipulation of magnets. 


(2) Testing and Treatment Sessions 


The initial testing-treatment session was conducted in 
a private room in the S's school or kindergarten and averaged 
30 minutes in duration. The second session (delayed post-test 
and tests for delayed generalization) was conducted in the Ss 


institution for kindergarten children and in the EM laboratory 
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for grade I Ss. Duration of the second session averaged five 
minutes for kindergarten Ss and approximately 20 minutes for 
grade I Ss including time required to prepare Ss for EM 
recording, 

In order to sustain interest under conditions precluding 
knowledge of results, verbal praise or presentation of rewards 
throughout both sessions, E adopted a consistent practice of 
involving S in conversation and activity to achieve continuity 
ofsrapport land. to faciditate transition, from one task, :Comthe 
next.. For example, at the conclusion of the conservation 
screening test in session one, E customarily said: 

"Now we're through with these (blue counters), and here's 

the box they go in. I keep my things in different 

colored boxes so I can remember where everything is. 

The blue chips go in the blue box. Do you want to put 

them in? .... Thank you. Now we need the yellow box. 

What *do“you?think 42s Min Alt ?iload. motLook pand ysee wy og ens 

What I want you to do with these is to pick out...." 

In rare instances when S asked directly if her response 
was correct, E turned the question back with a reply of the 
following types  f think you cane teliadtpat's sieht, iicans tl you?" 


On the whole, Ss seemed to have considerable confidence in 


their own judgments and did not seek confirmation from E. 


(3) sAdminisitrationyof, Tests Involving Concrete Materials 


During administration of the conservation screening test, 
test for stage II intuitive correspondence and tests for immedi- 
ate generalization, S was seated opposite E who manipulated 
materials on a table covered with low-reflective light grey 


cardboard. 
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(4) Administration of Film-Mediated Tasks 

For the conservation pre-test and immediate post-test, 
the practice series, the placebo film, and, in the case of 
kindergarten Ss, the delayed conservation post-test and de- 
layed tests for generalization, S was seated facing a ground 
glass table screen (Hudson Photographic Industries Telescreen 
table model 605 designed for side projection) with a viewing 
areas6 0/2 o> 6/2. The centre of the screen was located 
approximately four inches below eye level at a sufficient 
distance to permit S to touch the glass surface when her arm 
was three-quarters extended. To prevent S§ from dislodging 
the screen during pointing, screen legs were adhesive taped 
to the table. 

A Bell and Howell 16 mm autoload motion picture projector 
was located 24 inches to the left of the screen. Standard 
intensity of projected film colors was obtained under condi- 
tions where overhead room lighting was retained but side light- 
ing was reduced by use of regular window blinds. 

Instructions were administered via a portable casette 
tape recorder located behind and six inches to the left of the 
screen, Tape recorder controls were operated by E by remote 
switch. <A second casette tape recorder used for recording 
responses was located behind and six inches to the right of the 
screen. The microphone for this recorder was situated beside 
the screen. 

E was seated behind and to the left of S, opposite the 


projector. E could. reach projector controls by leaving her 
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chair and leaning forward, but when seated, could not be seen 
by S unless S turned approximately 150 degrees. 

Before testing commenced, S was familiarized with the 
purpose of each item of equipment, and, if she indicated lack 
of familiarity with tape recorders, was permitted to record 
and listen to a playback of her own voice. None of the Ss 
tested expressed concern about the fact that their responses 
were being recorded. It was observed that many Ss were fami- 
liar with tape recorders but that few understood the principle 
of motion picture projection. The number of Ss who turned to 
look at E at any point during film presentation was negligible, 
however, a number did attempt to locate what they apparently 
presumed to be actual moving objects by looking in the open 
left end of the projection screen box. This occurred despite 
the fact that Ss had been previously shown that the pictures 
they were going to see were on a reel of film. In general, Ss 
appeared well motivated by the opportunity to view what E 


'" Attention and 


referred to as "...your own private movie.' 
participation were as well if not better sustained among 
kindergarten Ss as among grade I girls. Whereas a small number 
of the latter exhibited a degree of inattention in later 

trials of the practice series, the former, for whom the ex- 
perience was possibly more novel, showed no decrement in atten- 
tion over the full series. Neither group displayed a decrement 


in matching activity and it was rarely necessary, to use stop- 


action in order to extend verbal response intervals. 
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(5) Eye Movement Recording 


Before commencement of data collection, all aspects of 
EM recording procedure were tested on adults and children and 
full procedure was’ carried out: fora group of six grade 1 
girls who were not included in the sample. Procedural modi- 
fications included reduction in the usual length of the con- 
servation question in order to minimize the possibility that 
verbal stimuli introjected during filming would elicit head 
movement resulting in loss of calibration. It was felt that 
the final form of the question; namely, "Do both groups have 
the same number of things or does one have more?" would be 
correctly interpreted in view of S's experience in responding 
to longer forms of the same question; for example: "Do both 
rows have the same number of flowers or does one row have more 
flowers than the other?" Other modifications pertained to 
elimination of extraneous sources of visual and auditory sti- 
mulation and improved support for S's back. An original plan 
for presentation of taped instructions via headphones was 
abandoned when it was observed that lack of familiarity and/ 
or discomfort of the headset resulted in more head movement 
than did presentation via a speaker located out of S's view 
mid-way between her head and the viewing screen. Initial 
difficulties in obtaining film records of adequate quality 
were resolved by changing from Tri-X (ASA 200) to 4-X (ASA 
320) film and by adding a specialized lens to the camera. 

An effective procedure was devised for training Ss to 


close their eyes as a signal of readiness to respond to the 
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conservation: question... First, .a,number of verbal trials were 
administered. .in-which S listened to a question asked by E, 
then closed her eyes and kept them closed until E said "Now 
open your eyes and tell me the answer." When S performed 
reliably in the verbal situation, she was placed on the bite- 
bar of the EM recorder. Taped instructions were delivered as 
fellowes. "In,a,minutes,. you are.going.to,see_ a picture, _I want 
you to look at the picture, and listen to the question, then, 
when you're sure you know the answer, close your eyes." A 35 
mm slide depicting children engaged in some activity was then 
projected on the screen of the EM recorder. After a five 
second interval recorded instructions of the following type 
were delivered: "Here are some children playing in the snow. 
What do you think the children are making?" All questions 
required some degree of inference. When S had closed her eyes, 
she was told to come off the bite-bar and give her answer. 
Correct eye closure responses were verbally reinforced. Train- 
ing. .continued., with..a, different slide for each trial, until S 
emitted a correct eye closure response on three successive 
trials. prA.stotal of. three trials was, sufficient for criterion 
performance by the majority of Ss. 

Eye closure training was conducted under conditions 
closely cree those existing during EM recording and 
transfer to the recording situation proved satisfactory for 
all, Ss..j -A,.tendency, for anticipatory eye closure; that is, 
ciosing of the eyes before or during presentation of the ques- 


Gion occurred fon.some Ss in .arlier stages of training but no 
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EM data was lost as a consequence of premature eye closure. 
Recording procedure commenced immediately after eye closure 


Draining. 


(6) Procedure for Eye Movement Recording 


A Polymetrics Eye Movement Recorder, model V-1164-1, 
employing the principle of corneal reflection was used to 
obtain photographic records of EMs. Detailed information con- 
cerning this instrument may be found in the manufacturer's 
manual and in a report by Mackworth (1967). Briefly, a light 
spot from a remote source is reflected by mirror onto the 
cornea of the left eye. The camera, aligned with the left eye, 
records on film the moving corneal reflection spot superimposed 
on mirror image of whatever stimulus material is projected, 
from the rear, onto a ground glass viewing screen or presented 
on cards set in a holder immediately in front of the screen. 
Controls permit idee Seo rot all hight™sources so that § 
experiences no discomfort from excessive contrasts. Figure 1/7 
shows the design of the recorder used. 

A Photo Optical 16 mm data analyzer (model 224-A) with 
remote hand controls was used for rear projection of motion 
picture stimuli on a screen witha viewing area 7.8" x 7.8". 
The screen was situated at a fixed distance of 26.5" + 2" from 
S's eyes, variation in distance resulting from adjustment of 
a padded headrest to head size and slope of S's forehead. 
Instructions were delivered via a casette tape recorder situ- 


ated out of the line of vision, between S and the viewing screen. 
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Fig. 17. Schematic view of the eye movement reccrder. 
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Presentation of visual material was controlled by an assistant 
concealed from S's view and E, partially concealed from view 
by the structure of the EM recorder, operated the camera and 
remote hand controls for the tape recorder. The microphone 
for a second tape recorder used to record S's responses was 
located six inches to the right of S's head and out of her 

. dine of vision. 

S was seated in a padded chair hydraulically elevated to 
correct viewing height. The S's back was firmly supported by 
supplementary padding so that little effort was required to 
maintain an upright sitting position. Supplementary side padd- 
ing was used to discourage lateral body movement. In addition 
to the forehead support, a bite-bar was used to prevent head 
movement during filming. The bar consisted of a sterilized, 
U-shaped metal plate entirely covered to a depth of 1/4" in 
the back and 1/2" in the front with dental compound. Prepara- 
tion of the bite-bar entailed softening the compound by immer- 
sion in warm water. The bar was then attached to the recorder 
directly in front of S's mouth and she was asked to bite on 
the compound in order to make a simultaneous impression of 
upper and lower teeth. The compound was then allowed to 
harden, and during EM recording, S engaged her teeth in the 
prepared impression. 

Following recommendations suggested by Boersma and 
O'Bryan (1970) for EM recording with young children, a simply 
designed target stimulus was used for calibration purposes. 


A cardboard calibration card inserted in front of the viewing 
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screen displayed an accurately centred outline of a daisy- 
shaped flower 3/4" in diameter. S was instructed to sit very 
still and "keep looking right at the pink spot (1/4" in dia- 
meter) in the middle of the flower." Continual verbal rein- 
forcement proved helpful in sustaining fixation on target while 
the corneal reflection was located, brought into focus, and 
centred by horizontal and vertical adjustments of the camera. 
To permit subsequent Bele naire ae of the accuracy of ‘caliprattion 
some film was exposed showing the reflection spot superimposed 
on thevcalibration. card’. 

Grade I Ss were transported to the university in groups 
Gee Ewo Or three. by taxi. “JAt' the request tof school authori- 
ties E accompanied children to and from school and this contact 
proved advantageous in terms of rapport. While waiting their 
turn in the EM laboratory Ss were supervised by a female 
assistant in a playroom provided with toys and drawing mater- 
ials. Before entering the laboratory Ss were told that they 
were going to see some pictures and that "we're going to take 


some movies of your eye while you're watching." 


Upon entering 
the laboratory S was introduced to E's assistant and given 

an opportunity to examine all items of equipment. S was 
reminded that the projector and tape recorders were "just 

like the ones we used last time in school." Since camera 
adjustments were potentially distracting during the calibra- 
tion phase, it proved particularly important to show S how the 


camera could be adjusted in three planes so that E could "see 


your eye through this tiny hole.' Ss became familiar with the 
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sound of the camera motor by watching while E made "a movie 
of" S's name. Before being seated, S was shown the bite-bar 
made by the previous S, often a classmate who could be re- 
ferred to by name. It was explained that S would make her 

own bite-bar to help her keep her head steady. Most children 
appeared to know that movement resulted in blurred snapshots 
and this analogy was used to convey the necessity of "keeping 
still for eye movies." S was then seated and her bite-bar 
prepared. The delayed conservation post-test was administered 
while the bite-bar was hardening. Eye closure training, ini- 
tial calibration and presentation of delayed generalization 
test number one followed in that order. Recalibration was 
required prior to presentation of delayed generalization tests 
numbers two and three Penient uel Vk For each test filming 
commenced at completion of calibration and continued without 


interruption until eye closure. 


(7) Problems in EM Recording 

As previously reported (p. 58) complete EM records were 
not obtained for all grade I Ss, and for some Ss, no scoreable 
EM data were recorded. A discussion of problems associated 


with EM data loss is presented in Appendix A. 


Scoring Procedures 


(1) Classification of Verbal Responses 


All justifying statements made by Ss who judged trans- 
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formed and non-transformed sets to be equal in number were 
typed verbatim, randomly ordered within task groups, and 
classified independently by E and two judges acknowledged to 
bevnishiy tamiiiar with Plagetian developmental theory. Tasks 
were described in detail and judges were requested to adopt 
Piaget's (1969b, p. 98) criteria in assessing statements. 
Three categories were provided; namely logical justification, 
intuitive justification, and classification uncertain. Un- 
animous agreement was obtained in classification of 94.6 per 
cent of statements. Classification was determined by majority 
rule for the remainder. Two judges made no use of the un- 
certain category and agreed on classification of seven state- 
ments rated uncertain by the third judge. Judges did not meet 
to discuss classification of any items. A sample of justify- 
ing statements, together with classifications, is presented 


in Appendix B. 


(2) Scoring of Eye Movement Data 


EM data were hand scored using an analyst projector with 
single frame controls. A reliability coefficient of .92 was 
obtained for a random sample of six Ss whose complete EM 


records were scored and re-scored after a ten day interval. 


Statistica. Analysis 


(1) Analysis of Verbal Response Data 


The basic design for analysis of verbal conservation 
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responses in post-tests and tests for generalization (Hypo- 
theses 1 throughs 3b; pp. *47-497 consisted of a 2°% 2 x. 2 
model with two levels (high and low) of Factor A (mobility 
of intuitive correspondence); two types (experimental and 
placebo) of Factor 8 (treatment); and’two classes (conserver 
and non-conserver) of Factor C (response class). Factors A 
and B were defined as fixed and Factor C as random. 

In the case of Factor C, responses were dichotomized 
as follows. Responses designated conserver consisted of LC 
responses and responses designated non-conserver consisted of 
IC and NC responses which were summed to obtain cell values. 
This procedure was regarded as justified since for all com- 
parisons the dependent variable was the proportion of LC 
responses, 

HolWowing Sutcliffe's (1957). method of multiple contin-= 
gency analysis (mixed model) chi-square was partitioned as 


follows: 


Source df 

x" (AC) Gat 

x7 (BC) (b=1) 

x7 (ABC) 62=1) CE EY 0SDB) 
x7 (Total) Capes) 


Values of chi-square were calculated as follows: where 


o refers to observed and e to expected cell values. 
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a c (or ; 
x2 (AC) e y ( fe 4k) 2 
isl k=l AR 
b c Oued a 
x7 (BC) ~ ) (foes STEN 
eu: 
j=l kel fk 


2 a b a Ont pte f - 
x?(apey = of AR Aa)? | 2 cacy - x? (a0) 
i=l j=1 k=l LGR 


a b c Ov cen. 
TCT tat) - y y y ( Ljk 4 jk) 2 
i=1 j=l k=1 ace 


The expected value for a given cell was defined as N 
times the probability of an observation falling in that cell; 
that is N'P igh, 

For the mixed model x7 (AC) and x7 (BC) were interpreted 
as main effects of mobility and treatment respectively, and 
x7 (ABC) was regarded as an expression of mobility-treatment 
interaction. Where interaction was inferred, all simple main 
effects were tested. Hypothesized simple effects were tested 
regardless of the significance of the interaction term. 

Comparisons between pairs of groups (simple effects) 
were tested by means of chi-square tests for differences be- 
tween independent proportions (Siegel, 1956, pp. 104-110). 
Yates' correction for continuity (Ferguson, 1959, pp. 171-172) 


was applied in all cases where expected values were less than 
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fives 

A chitsquare: test for. association, (Ferguson, 1959, p. 165) 
was applied to determine whether terminal conservation status 
was associated with mobility-treatment grouping. Comparisons 
between pairs of gmoupss ing proportion, of- Ss attaining a ter- 
minal status of logical coneeroes (Hypothesis 4, p. 50) were 
tested by means of chi-square tests for differences between 
independent proportions (Siegel, 1956, pp. 104-110). Yates' 
correction was applied in the case of expected frequencies 
less than five. 

Finally, Hypothesis 5 (p. 50) concerning the difference 
between HME and LME groups in number of errors made in solu- 
tion of tasks in the practice series was tested by means of 
Welch's test for difference between means for independent 
samples (Winer, 1962, pp. 36-39). The use of Welch's t' 
statistic was regarded as appropriate since assumptions could 
notebe mét?with respect to homogeneity of variance in practice 


errors. 


(2) Analysis of EM Data 


(a) Comparisons between Groups 


Hypotheses 6 and 7 (pp. 51-52) concerned comparison of 
verbal response groups in degree of visual centration during 
solution of each of three delayed generalization tasks. 

Chi-square tests for association (Ferguson, VO 59y. tp. .0 57) 


were used to determine whether verbal conservation response 
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class (LC, IC, NC) was associated with exclusive centration 
(zero couplings) in the first three seconds of exposure time. 
Chi-square tests for difference between independent propor- 
tions (Siegel, 1956, pp. 104-110) were applied to compare 
pairs of response groups in proportion of Ss exhibiting zero 
couplings (Hypothesis 6). 

Kruskal-Wallis one-way analysis of variance by ranks 
(Ferguson, 1959, pp. 270-272) was used to test for differences 
among response groups in rate of coupling (number of couplings 
per second) in total exposure time. Mann-Whitney U tests 
(Ferguson, 1959, pp. 268-269) were applied to compare pairs 
of response groups (Hypothesis 7). 

Differences between response groups in number of fixa- 
tions in total exposure time (Hypothesis 8, pp. 52-53) and 
differences in solution time (Hypothesis 9, p. 53) were tested 
by analysis of variance and Newman Keuls tests on ordered means 


(Winer, 1962, pp. 80-85). 


(b) Comparisons within Groups 
Hypotheses 10a, 10b, 10c and 10d (pp. 54-55) concerned 


differences in the distribution of successive fixations (mean 
length of run) between transformed and non-transformed sets. 
Correlated t tests (Winer, 1962, pp. 39-43) were used for 
these comparisons which were carried out within LC, IC and 


NC response groups respectively. 
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CHAPTER V 


RESULTS AND DISCUSSION 


Post-Test Performance Data 

It was hypothesized that mobility of intuitive correspond- 
ence and treatment would interact in their effect on Ss' verbal 
conservation responses in immediate and delayed post-tests 
(Hypothesis 1) and that in each case the HME group would ex- 
hibit a higher proportion of LC responses than the HMP, LME, 
LMP or MC groups respectively (Hypotheses 2a and 2b). 

Table 1 shows the proportions of LC, IC, NC and IC plus 
NC responses for immediate and delayed post-tests. Table 2 
summarizes the results of multiple contingency analyses (main 
effects and interactions), and Table 3 presents results of 
group comparisons including the MC group. 

Results showed significant mobility-treatment interaction 
in both immediate and delayed post-tests and examination of 
proportions of LC responses (Table 1) indicated that inter- 
action was ordinal in nature. Main effects of treatment and 
mobility level were also significant. 

The HME group exhibited a significantly higher propor- 
tion of LC responses than each of the other groups in the 
immediate and in the delayed post-tests supporting Hypotheses 
2a and 2b respectively. 

Post hoc comparisons indicated that there were no differ- 


ences in proportions of LC responses among HMP, LME, LMP and 
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TABLE 1 


PROPORTIONS OF LC, IC AND NC RESPONSES GIVEN 


BY GROUPS LN IMMEDIATE AND DELAYED 


CONSERVATION POST-TESTS 


Proportion Test 
HME 
Immed ifs 
LC 
Del. ahs) 
Immed 05 
LG 
Del. 10 
lmmed 20 
NC 
reve jn5 
Immed 25 
NC + IC 


Group 
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TABLE 2 
SUMMARY OF MULTIPLE CONTINGENCY ANALYSES FOR 


IMMEDIATE AND DELAYED CONSERVATION POST-TESTS 


Source df Immed. Post-Test Del. Post-Test 
5G x? 

Mobility uf 7.43% Omia 
Treatment 1 22.20** LOL Ors 
Mobility x 
Treatment i 5.04% 4.19% 
Total 3) 34.67 30450 
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TABLE 3 
CHI-SQUARE TESTS ON DIFFERENCES IN PROPORTION 
OF LC RESPONSES BETWEEN GROUPS FOR 


IMMEDIATE AND DELAYED POST-TESTS 


Groups Immed. Post-Test Delayed Post-Test 

Compared 
x? x? 

HME-HMP 20.42%% 17.29%* 
HME-LME WA HAC 7.69% 
HME-LMP 21.44%% 21.44%% 
HME-MC 20.42** L7isce.d Mi 
HMP-LME 2.03 Dela, 
HMP -LMP «07 03 1, 
HMP-MC so3 28 
LME-LMP dere pe) 1.46 
LME-MC 22.03 1 li 
LMP-MC 07 ApH) 
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MC groups in either post-test, 

Since retention over time was specified as one criterion 
of conservation, it was of interest to observe whether propor- 
tions of LC responses differed between immediate and delayed 
post-tests. Inspection of Table 1 shows that the difference 
deaenot exceed 705) (one subject) -Lor any, group... These differ- 
ences, being of a magnitude not amenable to meaningful statis- 
tical analysis, were considered negligible hence it was in- 
ferred that on the basis of LC responses, retention was satis- 
factory over the two-week interval between the immediate and 
the delayed post-test. 

It was ies pertinent to assess the stability of indivi- 
dual post-test responses over time, to determine whether res- 
ponse changes were located in particular groups, and to analyze 
the nature and direction of such changes. A chi-square test 
of differences among groups in the proportion of Ss whose 
response classification differed in immediate and delayed 
pest-tests showed that significant differences were present 
(x? = laleVoredia=Weepene OS)... Proportions, of. Ss, whose. res- 
ponse classification changed were, within each group respec- 
tively. HME «co 5seHMPers05 se bM Ele LMP O-O-and MC. .05., In 
conjunction with these observed proportions, results of chi- 
Square tests reported in Table 4 indicate that post-test res- 
ponses were less stable in the HME group than in the HMP, LMP 
and MC groups respectively, but that there were no significant 
differences in response stability among the HMP, LME, LMP and 


MC groups. 
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TABLE 4 
CHI-SQUARE TESTS ON DIFFERENCES IN PROPORTION 
OF IMMEDIATE-DELAYED POST-TEST RESPONSE 


CHANGES BETWEEN GROUPS 


Groups Compared 4 
HME-HMP 5.62% 
HME-LME 2-069 
HME~LMP 4.59% 
HME-MC 2 etd 8, 7A. 
HMP-LME -56 
HMP-LMP Oa 
HMP-MC .00 
LME-LMP 36 
LME-MC Oa 
LMP-MC Hos) 
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Of the seven HME Ss whose response classification 
differed in immediate and delayed post-tests, three changed 
from NC to LC; two changed from LC to IC; one changed from 
LC to NC, and one changed from IC to NC. Interpreting these 
data in terms of the direction of change, three Ss were classed 
as having advanced and four as having regressed in performance. 
Using the binomial test (Siegel, 1956, pp. 36-39) the differ- 
ence was not significant (p = 1.00) suggesting that there was 
no clear evidence of improvement or regression in the post- 


test performance of HME Ss whose responses changed over time. 


Immediate Generalization Performance Data 
Proportions of EG, LC, NG and [C plus NC responses for 
four immediate generalization tests are shown in Table 5. 
Table 6 summarizes the results of multiple contingency analyses 
and Table 7 presents results of individual group comparisons. 
Analyses indicate that Hypothesis 1 was supported for 
immediate generalization Task One where color was introduced 
as an irrelevant attribute and for immediate generalization 
Task Two where color was a potentially misleading attribute. 
fnspection of cell proportions indicated that interaction was 
agarmrordinal duh nature. ' Sienificant main effects of treat— 
ment and mobility were observed for both Task One and Task Two. 
Hypothesis 1 was rejected in the cases of immediate 
generalization Task Three (transformation followed by subtrac- 
tion of an object) and Task Four (transformation followed by 


addition of an object) where interaction was non-significant. 
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TABLE 5 
PROPORTIONS OF LC, IC AND NC RESPONSES GIVEN 
BY GROUPS IN THE FOUR TESTS FOR 


IMMEDIATE GENERALIZATION 


Proportion Test Group 

HME HMP LME LMP MC 
Imm. Gen. 1 75 - £O eS .00 0 
2 . 80 10 re A 06 al) 

LC 
3 1.00 70 a9 Zi 60 
4 95 45 el. 06 ~50 
Imm. Gen. Ab 220 251) ~ 24 ~24 .20 
2 15 10 -00 06 “05 

Ic 
3 -00 00 .06 12 20 
4 ARO hs 05 pas es 1/2 tee 
Imm. Gen. 1 0S OD ore EO - 60 
2 705 80 spol lk, 88 85 

NC 
3) 00 . 30 AS 65 20 
4 00 50 ~47 82 35 
Imm. Gen. 1 Sas) ~90 ier | E00 . 80 
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TABLE 6 


SUMMARY OF MULTIPLE CONTINGENCY ANALYSES FOR 


IMMEDIATE GENERALIZATION TASKS 


Source df Imm. Gen. Imm. Gen. Imm. Gen. Imm. Gen. 
N-Oxg-ael: Nios mme NOien3 N.On). 4 
2 2 2 2 
Xx Xx Xx Xx 
Mobility 1 8.05% 7.89% 15.45%** 15.88%** 
Treatment 1 19,21** 19.21%** 8.54% 13.84%** 
Mobility x | | 
Treatment ib 4.35% 4.85% -08 Eis) 
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TABLE 7 
CHI-SQUARE TESTS ON DIFFERENCES IN PROPORTION 
OF LC RESPONSES BETWEEN GROUPS FOR THE 


FOUR IMMEDIATE TESTS FOR GENERALIZATION 


Groups Imm. Gen. Imm, Gen. Lam. Gen, lmm .« Gen, 

Compared No. 1 Now 72 No. 3 No. 4 
x? x? x? x? 

HME-HMP Ts 2a % AGS) Saye 3.09 % 11,.90** 
HME-LME 9.74% 11..79 4% 76 P2455" 
HME-LMP 21.44%%* 20°. 325% 23. Die 29 oe 
HME-MC L235 04* Or Crk 8.56% 1.0;.1,6% 
HMP-LME Ae 2G ~46 
HMP-LMP oD Ore 
HMP-MC «19 128 ~44 .10 
LME-LMP Hapesay) ~94 

LME-MC eO2 -46 -00 eo 
LMP-MC eels A189" 4.98% 8.56% 
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Significant main effects were observed for both tasks indicat- 
ing that conservation responses were influenced by effects of 
treatment and mobility acting independently. 

Hypothesis 3a, namely that the proportion of LC responses 
would be higher ini the HME than "in each of the HMP, EME, “GMP 
and MC groups was supported for all immediate generalization 
tasks. No significant differences were found among HMP, LME 
and LMP groups in Tasks One and Two, and post hoc comparisons 
between these groups were regarded as UnjusGbited for tasks 
free cand ated where significant mobility-treatment interaction 
was absent. Comparisons involving the MC group revealed no 
diflenrences in tiewcase Ol tasks one-ard two, however in Tasks 
Three and Four respectively MC Ss demonstrated a significantly 
higher proportion of LC responses than the LMP group. 

Inspection of Table 6 suggested the possibility of 
differences among immediate generalization tasks. According ly, 
task differences were tested over the full sample using 
Cochran's QO test Siegel, 19560; pp. 161-166). A Significant 
Oo value of 69.51 (p < .000L) was obtained. Siurece at was 
established that task differences existed, the next question 
of interest was whether task BARE AT Er were present within 
groups. Table 8&8 summarizes results of Cochran's Q tests for 
task differences in proportion of LC responses across groups. 
Analyses suggested that type of task had no differential 
effect on responses of LMP Ss but that further analysis to 
determine the location of task effects was justified for 
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Q TESTS FOR WITHIN GROUP TASK DIFFERENCES 
IN PROPORTION OF LC RESPONSES ON 


IMMEDIATE GENERALIZATION TASKS 


Group 
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Table 9 shows that between-task differences in propor- 
tion of LC responses were confined to the LME, HMP and MC 
groups. In conjunction with proportions reported in Table 5, 
results indicate that HMP Ss exhibited a significantly higher 
proportion of LC responses in Task Three (subtraction) and in 
Task Four (addition) than in either of Tasks One and Two which 
involved no change in the quantitative properties of the trans- 
formed set. The LME group and the MC group both displayed a 
higher proportion of LC responses in Task Three (subtraction) 
than in either of Tasks One and Two. 

Analysis of task differences suggested that absence of 
mobility-treatment interaction in Tasks Three and Four could 
be largely explained in terms of the performance of the HMP 
and LME groups relative to that of the HME group. A num-er of 
alternative explanations for this performance pattern are pro- 


posed and discussed on pp. 129-133. 


Delayed Generalization Performance Data 


Propone1onse ofy.LC,, 1Cy NC and LC plus, NC responses for 
the three delayed generalization tests are presented in Table 
10. Table 11 summarizes results of multiple contingency 
analyses and Table 12 shows results of individual group com- 
parisons. 

Significant mobility-treatment interaction was observed 
in each of the three delayed generalization tasks (Table 11) 
and proportions (Table 10) revealed that this interaction was 


once again ordinal. Hypothesis 1 was thus supported for de- 
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TABLE 9 
CHI-SQUARE TESTS ON DIFFERENCES IN PROPORTION OF LC 
RESPONSES BETWEEN PAIRS OF IMMEDIATE GENERALIZATION 


TASKS FOR HME, HMP, LMP AND MC GROUPS 


Tasks HME HMP LME MC 
Compared 
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TABLE 10 
PROPORTIONS OF LC, IC AND NC RESPONSES GIVEN 


BY GROUPS IN THREE TESTS FOR DELAYED GENERALIZATION 


Proportion Test Group 
HME HMP LME LMP 
Del. Gen. 70 10 23 06 
LC op ed Bes, aS) 18 
. 80 20 «29 . 06 
Del. Gen. 20 40 18 elk 
LC LO Pee, 29 a ey. 
10 20 nls 18 
Del. Gen. 20 50 59 Ore 
NC 05 50 a2 70 
10 60 33 = 76 
Del. Gen. Ske) 90 sO) 94 
Ic + NC ins .85 vik ~ce 
BPAY 80 71 94 
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TABLE 11 
SUMMARY OF MULTIPLE CONTINGENCY ANALYSES FOR 


DELAYED GENERALIZATION TASKS 


Source df Del. Gen. Del. Gen. Del. Gen. 
No-~ <1: No. 2 No. 3 
2 2 2 
Xx Xx X 
Mobility 1 5.78% 5.47% 6.09% 
Treatment 1 14.42** 14.73%** 15.18%** 
Mobility x 
Treatment 1 4.59% 6.56% 5.03% 
Total 3 24.79 26.76 26.30 
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TABLE 12 
CHI-SQUARE TESTS ON DIFFERENCES IN PROPORTION OF LC 
RESPONSES BETWEEN GROUPS FOR THE THREE DELAYED 


TESTS FOR GENERALIZATION 


Groups Del. Gen. Del. Gen. Del. Gen. 

Compared N.Ovsi No. 2 NO. 3 
x? x? x? 

HME-HMP 15.00** 19.60%**% 14.40** 
HME-LME 7.94% Va MD Sah! 
HME-LMP 15.67%** G10 % Leno a8 
HME-MC 10.42% 14.55%% 12.13** 
HMP-LME ~44 43 -08 
HMP—LMP Oe 1.05 1.06 
BMP =—MC 24 ~14 200 
LME-LMP ~94 oO Are Ws 
LME-MC 202 00 00 
LMP-MC Rely, 2 LE) 
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layed generalization tasks as was Hypothesis 3b which pre- 
dicted a higher proportion of LC responses in the HME group 
as compared to each of the remaining groups (Table 12). No 
significant differences were found among the HMP, LME, LMP 
and MC groups in proportion of LC responses. 

Inspection of cell proportions did not clearly preclude 
the BEN vadiiae of task differences, therefore a Cochran Q test 
for differences in proportions of LC responses among the 
three delayed generalization tasks was applied over the full 
sample. Because the value of Q approached significance (Q = 
5.63; df = 2), task differences were tested across groups. 
None of the Q values obtained (HME 5.39; HMP 2.25; LME .59; 
LMP 4.08; MC .90) were significant indicating that type of task 
did not differentially affect the proportion of LC responses 
given by any group in delayed generalization tests. Absence 
of task effects in these tests was interpreted as further evi- 
dence of the discrepant nature of immediate generalization 


Tasks Three (subtraction) and Four (addition). 


Terminal Conservation Status 

A *teiminal’ stajtals2 jo fi Tl og ica Scions er vex Wass attributed 
to Ss who gave LC responses in the immediate and delayed post- 
tests and in all seven tests for generalization. By groups, 
propomt tron st torfe Sis witatosine logical donserver Status were: 
HMEe p25. dMPrecO 0st DME o..12 :* 9UMP GO0OLe tard MO cc00%.¢ Whit exdiePence 
of excessively low expected frequencies for all groups except 


HME was regarded as justification for collapsing cells 
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(Ferguson, 1959, p. 171) and comparing the proportion of 
logical conservers in the HME group with the proportion in 

all other groups combined. Hypothesis 4 was strongly supported 
Oy? = 936.13: pin< y.0001)) and this finding provided convincing 
evidence of the greater incidence of permanent change in men- 
tal structures among members of the HME group. Two HME Ss 
(10%) gave LC responses in all but one of the criterion tests 


and the sum of IC and NC responses ranged from two to six 


over nine tasks for the remaining 3524 of Ss. 


Practice Errors 

The experimental condition involved guided practice in 
solution of eight consecutive number conservation tasks com- 
prising what was termed the practice series. For each task in 
this series any verbal judgment which denied the numerical 
equivalence of transformed and non-transformed sets was 
recorded as an error. Hypothesis 5 stated that the mean 
number of practice errors would be significantly higher for 
the LME group than for the HME group. This Hypothesis was 


strongly supported (X LME = 3.06, S.D. = 2.94; X HME = LeU. 


SieDietes O85 Gicey 2a023.df Lite epee 2 0005). 

Practice error means fail to reflect the error patterns 
in the two groups concerned. In the HME group 18 Ss (902) 
made no errors whereas in the LME group seven Ss (41%) had 
error scores of zero. This difference proved significant 
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relevant to determine whether the proportion of errors changed 
over the eight tasks in the practice series. A test for 
changes among tasks yielded a significant Q value of 33.90 

€d fc nzisc tpies: 200d) tand cexamima tion sof .enror, totals,.f£o% each 
task (Tasks One through Eight, tn. Jomuders ¢deloig elsOney ) O sy 09 3 Gree 23:5 
2, 7) revealed a systematic decrease in errors from Task One 
to "Task Seven witha sreversal tof fthis «trend in,,the, final ;item 
of the series. 

Findings regarding practice errors lend es to the 
argument that color-guided visual matching activity facili- 
tates recognition of the numerical equivalence of transformed 
and non-transformed sets when intuitive correspondence is 
sufficiently mobile to permit assimilation of information 
derived from such activity. However, despite the fact that 
high mobile Ss made fewer errors, findings suggest that prac- 
tice also had a facilitating effect on the judgments of low 
mobile Ss. Induced perceptual activity in conjunction with 
gradual withdrawal of task-relevant color cues provided what 
could be termed°an erroriess learning situakionyfereS5Z2Z50£FfSs 
exposed to practice while the remaining 65% who made errors 


nevertheless displayed some evidence of learning. 


Analysis Ofva nt ui tive Response Data 


Intuitive (IC) responses were not considered to be con- 
serving responses since the latter implied logical justifica- 
tion of conservation judgments. Nonetheless, intuitive res- 


ponses reflect a less global and more analytic approach to 
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conservation problems than do non-conserving responses and 
for this *reason, it could be argued that Ss who gave IC res- 
ponses showed some measure of advance in conservation status. 
In connection with the present investigation, it seemed import- 
ant to determine whether mobility level, treatment, or inter- 
action of two affected the proportion of intuitive responses 
observed in post-tests and tests for generalization. Table Bii 
(Appendix B) shows results of multiple contingency analyses 
on responses dichotomized as IC: LC + NC. In no instance was 
there justification for inferring that mobility or treatment 
influenced the proportion of IC responses. 

A second question concerned the possibility of systema- 
tic increase or decrease in the proportion of IC responses 
over time. Neither trend was observed when IC responses in 
the immediate and delayed post-tests were compared (x? = 1.88; 
dir=ale; Split 5215/7" With? regar d-'tio teste tor’ generalization,” the 
presence of differences among tasks was confirmed (Q = 29.50; 
dit = lols) pits 20001 R20 ehabile Bihae ih® AppendLx™BeShows results of 
comparisons between generalization tasks. The proportion of 
IC responses proved significantly lower in immediate genera- 
lization tests two, three and four than in immediate genera- 
lization test one and delayed generalization tests one and 
two respectively. Thus, while there was no evidence of in- 
crease in IC responses in post-test performance, results were 
moderately suggestive of increase in the case of generaliza- 
tionerbests.leoin vaewsotvthe ebvicustly®distinctive nature”of 


immediate generalization tests three and four (subtraction 
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and addition), this trend was not considered to provide de- 
finitive evidence of learning and may simply reflect the 
general increase in LC responses in the subtraction and addi- 


tion items. 


Effect of Educational Level 

In a study which dealt with one aspect of the development 
of number concepts, it appeared reasonable to expect that Ss 
who had been exposed to the grade I curriculum for several 
months might perform better than kindergarten Ss of the same 
mobility level under the same treatment conditions. To in- 
vestigate the possibility of eoneee nadie due to effects of 
educational level, Fisher's exact probabilities (Siegel, 1956, 
pp. 96-104) were calculated to test the null hypothesis of 
independence between educational level and conservation res- 
ponse classification within the two groups (HME and HMP) where 
grade I Ss constituted a three-quarters majority. Exact pro- 
babilities are shown in Table Bi of Appendix B. In no 
instance could the null hypothesis be rejected, therefore it 
was inferred that educational experience was not a factor 
differentially affecting verbal conservation judgments within 


the HME and HMP groups. 


Discussion of Findings Relative to Verbal Response Data 


Table 13 summarizes decisions based on tests of Hypo- 
theses 1 to 5 inclusive. With the exception of the generaliza- 


tion tests involving subtraction and addition which merit 
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TABLE 13 


RESULTS OF TESTS OF HYPOTHESES RELATING TO 


VERBAL CONSERVATION JUDGMENTS 


Hypotheses Description Findings 
ae Mobility-Treatment Immediate post-test oe 
Interaction Delayed post-test S 
Imm. Gen. test 1 S 
Imm. Gen. test 2 S 
Imm. Gen. test 3 nsgb 
Imm. Gen. test 4 NS 
Del. Gen. test -l S 
Del. Gen. test 2 S 
Del. Gen. test 3 S 
ou Post-Test a Imm. post-test S 
Performance b Del. post-test Ss 
oy. Generalization a Imm. Gen. tests 
Pee 2sese gnde4 All § 
b Delayed Gen. tests 
ee, eS AniTt§ 
4: Terminal 
Cons. Status S 
Sie Practice Errors Practice series 
error scores S 
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separate discussion, the criterion performance level of all 
groups was relatively constant over a two week period and over 
a sequence of criterion tasks which varied with respect to 

the number, color and form of objects, and the spatial orien- 
tation and configuration of sets. Neither exposure to succes-— 
savebtacks*nor’time®*per se appear’us result in conservation 
gains during the post-treatment period in which data was 
collected, hence observed changes in conservation status were 
regarded as attributable to er retetey. factors’: 

Results showed a clear and consistent difference between 
tre “performance *of the*HME“sroup “and” other ~ groups’ in aill”’tests 
except the subtraction and addition problems. Apparently 
girls who were able to compensate for configurational dispari- 
ties in the mobility test situation were better prepared to 
profPrestrom the practice *écnrditron“than therr=counterparts 
whose mobility test decisions were predicated on configura- 
tional data. *°Cirre@éxposéd Pto Pa périod of Saétivity”sinilar 
fo Tthe “practice “condition™’in*réength and~general° format but 
unrelated to number concepts failed to show appreciable gains 
in conservation status regardless of their mobility classifi- 
@ation. ""Overal Pretherperformance *of-tre*Nc"grotp ciosely 
resembled that of the HMP group and differed only from that 
of “the HME “group. “°This “suggests “that exposure to teésting~for 
novility “of “Mrttrtive correspondence did not “arfect *perforn-— 
ance in criterion tasks. Educational level appeared to have 
Te-dirfrerential-effect: Intuitive responses reflecting tran- 


sitional conservation status were comparatively infrequent 
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and relatively constant across tasks suggesting that gains 
in conservation status could be adequately described by 
rnefenring, toe LCs responses criteria. 

According to the most stringent of criteria, namely 
terminal conservation status, over half of the girls in the 
HME group could be said to have acquired number conservation. 
hiss, e rf or) aacconvinicing: proportd on, of. gixds, ind tially, .classi- 
fied as high mobile, one twelve minute period of guided but 
non-reinforced practice proved sufficient to produce unequivo- 
cal evidence of structural change. In the absence of evidence 
concerning possible effects of increasing the number or dura- 
tion of practice periods it is impossible to determine whether 
additional factors interacting with practice and mobility 
level serve to influence the rate of number conservation 
attainment. An acknowledged limitation of the present study 
iesr ei tes» modes tr ecomtes-bu thom tordidientdifidcation! of factors. which 
can be used for predictive purposes. Why some HME Ss did not 
acquire number conservation remains to be explained. 

Because they may bear on the process of conservation 
attainment, the qualitative characteristics of LC and NC res- 
ponses’ warrant description. ..As previously..stated (p. 144), 
Piaget mecogn izes: sfour ehypes: of logical jus tif ica tion; mamely , 
simple identity, additive identity, reversibility by inver- 
sion, and compensation. Seventy-two per cent of all LC res- 
ponses fell in the simple identity category. The following 
example is typical: "They were the same number to begin with 


and those just went up in two lines so they're still the same 
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number.'' Twenty-five per cent of LC responses conveyed the 
fact that objects in the transformed set could be returned 
to their original position (reversibility by inversion). 
Less than two percent could be categorized as indicative of 
compensation; that is, that changes in configuration of the 
transformed set are compensated by change in the spacing 
between objects. LC statements tended to be expressed in a 
narrative form in which S referred first to the pre-trans- 
formed state and then proceeded to describe the dynamics of 
the transformation. Ninety-five per cent of all LC responses 
included use of the past tense. Possibly this was due to the 
fact that most transformations were sequential, though the 
narrative form predominated equally strongly in tasks which 
involved simultaneous displacement of objects. In any event, 
there appeared little doubt that Ss who gave LC responses 
were able to represent both static states and the physical 
courses of. transformatdonsrcandno contrast, 8427: lof<s alle NG justi- 
fications were phrased exclusively in the present tense and 
most referred to configurational attributes. Examples of 
justifying statements are presented in Appendix B. 

The unanticipated increase in LC responses given by 
HMP Ss and to a lesser,extent by LME and MC Ss in addition 
and subtraction tasks merits thorough discussion. Addition 
and subtraction tasks were included for the purpose of assess- 
ing possible effects of verbal response set. In all other 
tasks a correct response indicated that sets contained the 


same number of objects after transformation. Despite the fact 
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that Ss were given no information concerning the correctness 
of their responses, silence on E's part could have been inter- 
preted as verification producing simple instrumental effects 
on the frequency of "same" responses. Had performance deterio- 
rated in addition and subtraction problems, verbal set might 
have been suspected. Instead, performance improved for three 
groups in the only tasks where "same" was an incorrect answer. 
Clearly, this phenomenon could not be interpreted as an arti- 
fact of set to judge transformed and non-transformed elements 
unequal since Ss whose performance improved in addition and 
subtraction tasks provided what were classed as logical ex- 
planations in support of their judgments. 

One feature which distinguished the tasks in question 
was the nature of materials which, for these problems and 
these problems only, were candies. Pilot investigations 
revealed that removal of an object from a set was interpreted 
by some Ss as a form of transformation. Whether the object 
removed was held by E or placed out of sight some Ss continued 
to regard it as part of the transformed set reporting that 
sets were still equal in number sai Bich all the objects in 
the transformed set had been moved and one had been moved 
twice. This problem was resolved by using candy which E 
could convincingly delete from the transformed set by consum- 
ing itso Although no tcandy was given ‘to Ss, its presence, 
together with E's behavior, could have altered motivational 
conditions by arousing expectation of candy rewards. However, 


as an explanation for performance differences, this interpreta- 
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tion ftadlseytosaccountyforeSsi,abitityyto;, justify, their.judg- 
ments logically or for the fact that LME and MC groups ex- 
hibited improved performance in the subtraction task but not 
in the addition problem when candies were used in both cases. 
Nonetheless, the possibility of interaction between type of 
material, treatment, and mobility level cannot be discounted. 
Assessment of responses in addition and subtraction 
tasks poses problems which do not arise in conventional con- 
servation tasks. Ostensibly, reference to the fact of addi- 
tion or subtraction as an explanation for the inequality of 
previously equivalent sets may be accepted as evidence of 
number conservation. This inference is valid only when §S 
answers the actual conservation question which requires a 
judgment concerning the relative quantity of objects in two 
sets. If the child interprets the conservation question as 
meaning that he is to report whether the transformed set con- 
tains more objects than it did initially, he may supply what 
appears to be a correct primary response, (e.g., ‘There are 
more here') supported by an apparently logical explanation 


"...because you put another candy in."). In the pre- 


(fe wen ; 
sent study, no attempt was made to verify Ss' interpretations 
of the conservation question, consequently observed proportions 
of LC responses in addition and subtraction problems may be 
inflated by inclusion of pseudo-logical explanations. In the 
case of conventional problems, misinterpretation af .the con- 


servation question is normally apparent in the child's explana- 


tory statement. Possibly, misinterpretation is more probable 


 gher iy Sa \ ra aN i ar 


xe eqvorg OM bam, aha sade 2 
jon aud ens nationssdue afd at cena nen 
-289889 diod mk ‘beey onew astbaas an Ee RTT 
to ova. agewad aodsgexeank. tous fs 3 
sbetnvoseth od toanss foveal ‘tL hdom bos eimoaanens ‘ 
 mobiosxidua bes wotthbbe wh seemoqeos » a 


~no> lesokinevnes ob sebte tog ob. 


20 Yiilseupsal ofa, nod inilesncaitelaeiia “GA 08 not zseradue cerry 
to sansbive es betqe2o8 od yam aise) smekewiupe | ‘eleuotvesq 
@ aedw ylao biiav af someteial shat (-00kIsvrsam09 x9dmya 
6 aottvupes daidw setsaomp Aokisvisenos {eug3oe odd /arewene 
ows at stoetdo to xitiasup avkiatex odo gniaxsonos: asmabot | 
26 Holiessp nolisvigegos edd stevremssnt bitdo edt 20 wetoe 
“805 392 bemiolanax4 sda nedsetiw Inogas oa ak ed dad? gakosom 
jsdw Yiqque yam od .ylietsahet bib at siateenil stoatdo sv0m eabed 
ors s1edT" ..g3.9) psanogeey yraiiag 1992809) 9, 0d 03 baseqgs 
noitsensiqus Isotgeol Cis aera ges as yd bettogque (Nexen: ox9m 
~97q od3, 01 » (" mh vhneo seddome, tug woe saunoad, wily ape) 
énobijsterqzusink ‘#2 vtivey vos obaw asw aqgmetis (2 RO a +008 | 
ecotizeqorg beveoado yisteswpe aaa molsaeup notevrseqes oft to, a 
(9d Ysm emeldonq solstoszsadue base moka thion asia | 
e13 at .anotssnel gue ashen naan mecha ant 
“09, ads Ae Ae NE ri 
“enslgxe #'biids eit et, instagge 


AS ws 


when two successive events, namely the transformation and 
the addition or deletion of an object intervene between 
initial and final judgments, and this may be aspectatis true 
of non-conservers who characteristically base their judgments 
on recent as opposed to remote events. In summary, a plaus- 
ible explanation for the performance pattern of HMP Ss is 
that the cognitive complexity of the addition and subtraction 
tasks resulted in misinterpretation of the conservation ques- 
tion which in turn produced pseudo-logical responses. 

The performance pattern of LME Ss may be interpreted 
by referring to the configurational properties of transformed 
sets in the addition and subtraction problems. As shown in 
Figures 14 and 15 (pp. 82-83) transformations in both tasks 
resulted in configurations Ss could be expected to perceive 
as "smaller" in the absolute as well as the relative sense. 
Ordinarily, non-conservers rely on configuration to explain 
what they believe to be the numerical inequality of sets. 
Their previous responses suggested that this was generally 
true of the LME group. In the subtraction problem, removal 
of an object would yield results consistent with a tendency 
to perceive the transformed set as "smaller". Under such 
conditions, particularly if subtraction was emphasized by E's 
action of eating a candy, non-conservers might declare that 
sets were unequal and refer to the act of subtraction by way 
of explanation. Under deviates of conflict engendered by 
disparity between perceptual data and global notions concern- 


ing the effects of addition, decisions and explanations might 
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remain dominated by configurational cues. Obviously, such 

an interpretation is tenable only with the additional assump- 
tion that treatment effects enabled LME Ss to partially dis- 
regard configurational cues in the favorable situation pre- 
sented sby tthe! subtractiomrtask ©) «LMPySs «shewed «no ;significant 
degree of improvement in either of the addition or subtraction 
items. 

A parsimonious, if less than satisfactory interpretation 
of performance trends is simply that the particular characteris- 
tics of the addition and subtraction tasks engendered cognitive 
conflict of a kind which facilitated correct conservation 
judgments. Under this assumption all LC responses could be 
regarded as valid evidence of operational thought. Successful 
resolution of cognitive conflict implies structural change. 
Because there was no indication of transfer to subsequent 
tasks, explanations involving postulated pseudo conservation 


were preferred. 


Analysis of Eye Movement Data 


Eye movements were filmed during solution of delayed 
generalization tasks one, two and three for the purpose of 
assessing their value as subsidiary conservation criteria. 

For this portion of the study, verbal response classification 
was compared with visual behavior recorded during the interval 
between completion of the transformation and eye closure 
signalling the S's readiness to respond to the conservation 


question. Comparisons were made between groups and within 
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groups. 

The EM subsample consisted in total of 34 grade I girls 
for whom scoreable EM data were available on one or more of 
the three generalization tasks. Because complete EM records 
were obtained for 20' Ss only, the composition of the EM sub- 
sample was not constant across tasks and this fact precluded 
comparisons among tasks. For tasks one, two and three, NS were 
28, 29 and 27 respectively. Table Biv in Appendix B shows the 
pone aaeod of the EM subsample by mobility-treatment classi- 


fication’. 


Comparisons Between Verbal Response Groups 


It was postulated that in the brief period immediately 
following completion of a transformation, evidence of visual 
centration would be manifest in complete absence of shifts of 
fixation (couplings) between transformed and non-transformed 
sete. Hypothesis |/6 predicted that’ the proportion) of Ss ex= 
hibiting zero couplings in the first three seconds of exposure 
time would be higher for Ss who gave NC responses than for 
those who gave LC responses. Table 14 shows that there were 
Significant differences among groups in tasks one and two 
where the proportion of Ss exhibiting zero couplings was 
higher in the NCy group than dn ther LC or *IC grottps). No signi- 
ficant differences were observed in task three, 

With respect to evidence’ of visual centration during 
totalssolution time, Hypothesie 7 stated) that: thetirate, of 


coupling would be lower for Ss who gave NC responses than for 
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those who gave LC responses. Table 15 shows that the direc- 
tion of the relationship was as predicted but that rejection 
of the null hypothesis was unjustified. In Task One, Ss who 
gave Ic responses showed a higher rate of coupling than Ss 
whose responses were classed NC, and in Task Three rate of 
coupling was slower for IC than for LC Ss. 

Results of analyses of ~couplings suggest ‘that during the 
early stage of the solution process in Tasks One and Two NC 
Ss exhibited a comparatively strong tendency to centre their 
attention on one set exclusively. Relative to other groups 
this tendency was less pronounced during total solution time. 
Coupling patterns, especially those exhibited by the IC group, 
may have been influenced by the arrangement of objects in the 
transformed sets. In Task One objects formed a circle and in 
Task Two they were aligned in a diagonal. Hypothetically, 
neither of these arrangements would lend themselves to count- 
ing, or to number recognition by grouping, as readily as the 
arrangement in Task Three where the transformed set consisted 
OL two parallel Vcolummeteach) Containing four ebjects, ) The 
comparatively rapid rate of coupling among IC Ss in Task One 
could reflect empirical matching activity, whereas their tend- 
ency toward POE eton in Task Three could indicate efforts to 
enumerate objects in a single set. 

Ss who give IC responses are commonly described as 
transitional conservers who have not yet conceptualized the 
constancy of the equivalence relationship over transformations 


and must therefore seek empirical evidence to substantiate 
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TABLE 15 


ANALYSIS OF VARIANCE BY RANKS AND MANN-WHITNEY 


TESTS ON COUPLINGS PER SECOND IN TOTAL EXPOSURE TIME 


Task N Group n'‘s Groups Compared 
H EG aN LCs =NG i hy Ohta fs 
LC L¢ NC df = 2 Zz Zz Zz 
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their judgments of relative number. It was hypothesized that 
the IC group would exhibit a greater number of fixations than 
other groups in total exposure time (Hypothesis 8) and would 
take longer Pench solution (Hypothesis 9). Table 16 shows 
results of analysis of variance on number of fixations. No 
differences were found among ron in Tasks One and Three, 
and in the case of Task Two homogeneity assumptions of the 
analysis of variance model could not be met. Group means and 
standard deviations are presented in Table 17. Differences 
in variances were tested and it was found that the variance 
for the IC group was significantly greater than for the LC 
group (CF fatiga6s; df mB 8,8: p 38001) and jtMat variance in 
the NC group exceeded variance in the LC group (F = 5.19; 
di = 10, Sitpraceu. 01). 2 Analysis) of) variance) by *%anks (Kruskal- 
Wallis in) Siegel, 1959, pp. 184-193) revealed no differences 
among response groups in number of fixations recorded over 
total so ltwtion time wim Task Iwo,.6(H = 4.41: dfi-='2y p = .11). 

Analysis of variance on solution time in seconds indi- 
cated that homogeneity assumptions could not be fulfilled 
(Table 18). When variances were compared between groups it 
was found that in every task solution time was significantly 
besstevariaple tor GO than for IC or NC Sen Furthermore, in 
Tasks Two and Three the variance in solution time was signifi- 
cantly greater for IC than for NC Ss. Results of tests for 
differences in variance are shown in Table 19. 

When solution time data were ranked, analysis (Kruskal- 


Wallis) suggested that differences among groups occurred only 
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TABLE 16 


ANALYSIS OF VARIANCE ON NUMBER OF FIXATIONS 


IN TOTAL EXPOSURE TIME 


Task Source df Mean Square Fmax F p 
Between 2 6.58 3523-0 Lee, apes 
; Within (8; 4.00 
Between ie bbe eee | 336.5: * 
; Within 26 6870 
Between Z 1.84 Bi. 29 09 sod 
: Within 24 20.60 
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TABLE 17 


MEAN NUMBER OF FIXATIONS IN TOTAL EXPOSURE TIME 


Response Group 


Task LC IC 
M sD M SD M 
a? 8.60 4.08 133.66 fee 10.00 
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TABLE 18 


ANALYSIS OF VARIANCE ON SOLUTION TIME IN SECONDS 


Task Source df Mean Square Fmax 
Between 2 4.05 
1 10.66% 
Within Z5 1.88 
Between 2 Pelt 
2 25.83%% 
Within 26 2262 
Between 2 31.60 
3 20.44%%* 
Within 24 8.03 
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TABLE 19 


TESTS ON DIFFERENCES IN TOTAL SOLUTION TIME 


VARIANCES BETWEEN RESPONSE GROUPS 


Task Groups Compared Means Variances df F 
u NC ow be Poe 20 8 
SR Pey 
LC. Hse eS 5) 
Ic 10.48 Does 8 
10.68%** 
LC On 0 Biro) ) 
IC 10.48 35.78 8 
1,486 
NC SES fi 1 ie 21 9) 8 
2 NC 7324 10.44 10 
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Hypothesis 9 was supported for Task Two where 


solution time was significantly greater for the IC group 


than for either the LC or NC groups (Table 20). 


Number sof fixations in. total 


be unrelated to response classification. 


solution time was shown to 


Because the IC group 


exceeded other groups in the time taken to reach solution in 


Task Two, 


strated fixations of longer duration. 


variability in solution time among 
regarded as unwarranted as was any 
the behavior of IC Ss as a group. 

ing completion of a transformation 
engaged in considerable perceptual 
solution relatively quickly. 


consistent with variability in the 


ments given by Ss whose responses were classed IC. 


it might be inferred that in this task IC Ss demon- 


In view of the extreme 
IC Ss, this inference was 
generalization concerning 
During each period follow- 


some IC Ss appeared to have 


activity while others reached 


Variability in solution time was 


explanatory verbal state- 


The follow- 


ing list consists of justifying statements given by IC Ss in 


Task One. Corresponding solutions 
Die Or Justifying Response 
ol "Because there's a circle. 
88 "Because I counted." 
89 "T counted them and they 
both had seven." 
34 "Because the bottom one 
went around." 
30 "Because, um, there's not 


more than the other." 


times are quoted. 


Solution Time in Seconds 
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ov.t eNio:. Justifying Response Solution Time in Seconds 
6 "Because there's three and 


three there and two makes 
eight; then I know there was 
three and three in the circle 


and two more made eight." ae 
29 "Because you put them in a 

circle and the other ones 

are lines," 8.9 
28 “Er Vodked cat; theme relt just 

looks like it." 24.0 
oy) Hite Wook Ulevkwe” ti. hee 


Depending on a variety of factors including individual 
‘strategies for comparing sets, some Ss may have derived suffi- 
cient information to form a judgment during the interval pre- 
ceeding completion of the transformation. Speed of transforma- 
tions was thought to preclude reliable counting by young 
children, however some may have attempted to count objects 

as they moved. Use of empirical strategies was not implicit 

in the verbal responses of more than half the IC group in 

any task. 

The relative homogeneity of solution time among LC Ss 
provides convincing evidence of the distinctiveness of this 
group, especially in comparison with the IC group, but also 
in. comparison with the NC group. Lf. iC..ss,employed. arevariety 
of strategies including counting to determine the number of 
objects in each set, and if NC Ss tended to look for configura- 
tional clues, then the narrow range of solution times in the 
LC group may reflect lack of dependence on perceptual data of 


any kind. Aside from remaining sufficiently attentive to 
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J 


detect addition or subtraction of objects, the true conserver 
should be convinced of the equivalence of sets immediately 
upon completion of the transformation. LC Ss did not display 
a shorter solution time than other groups, however it is dis- 
tinctly possible that for a brief period after completion of 
the transformation LC Ss merely watched to insure that no 


additions or deletions occurred. 


Comparisons Within Verbal Response Groups 


A run was defined as two or more successive fixations 
on the same set. It was postulated that Ss who gave NC res- 
ponses would demonstrate longer runs on one set than on the 
other and that this set would be the one judged to be greater 
in number. No difference between mean length of run on trans- 
formed and non-transformed sets was predicted for the LC and 
IC groups. Table 21 shows results of t tests for differences 
in mean length of run between sets. 

Hypothesis 10a was supported for Task One where the NC 
group displayed greater mean length of run on the transformed 
set both in the first three seconds of exposure time and in 
total exposure time. Mean length of run was significantly 
greater on the transformed set in total exposure time for 
Task Two and in the first three seconds for Task Three. Re- 
sults were thus consistent with previous research (O'Bryan and 
Boersma, 1971; Wilton and Boersma, 1973) in showing a marked 
tendency toward visual centration on the part of non-conservers. 


Hypothesis 10b, namely that NC Ss would demonstrate 
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greater mean length of run on the set they subsequently judged 
to contain the most objects, was not supported. Contrary to 
expectation, Table 22 shows that in Task One NC Ss had signi- 
ficantly longer runs on the set judged to be smaller in number. 
As Table 21 indicates, this was the transformed set, and it is 
pertinent to observe that in Task One objects in the trans- 
formed set formed a circle which, in configurational terms, was 
clearly "smaller" than the row comprising the non-transformed 
set. No differences were observed in Tasks Two and Three. 

For Task Two, the diagonal formed by the transformed set could 
be perceived either as longer or as shorter than the non- 
transformed set depending upon which extremity S attended to. 
If S examined the upper extremities she could well have con- 
cluded that the non-transformed set was longer and thus greater 
numerically. If the lower extremities were compared S might 
have reached the opposite conclusion (see Figure 16, p. 85). 
Apparently, in Task Two, NC Ss centred their attention on the 
transformed set which some judged to be greater and others 
judged to be lesser in number. 

In Task Three the transformed set changed from a hori- 
zontal row to two vertical columns which, if perceived glob- 
ally, could have appeared "smaller". Alternatively, if Ss 
were influenced by the division of this set into two parts 
they might have concluded that it was greater in number. Again, 
NC Ss centred their visual activity on the transformed set, 
but displayed lack of unanimity concerning its relative 


numerical status. 
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TABLE 22 
CORRELATED t TESTS ON DIFFERENCES BETWEEN MEAN 
LENGTH OF RUN ON THE SETS JUDGED GREATER AND 


LESSER IN NUMBER BY THE NC RESPONSE GROUP 


Del. Gen. Exposure M Length Run M Length Run 
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Findings respecting centrative activity on the greater 
set were at distinct variance with those reported by O'Bryan 
and Boersma (1970) and Wilton and Boersma (1970). These 
authors attributed centration on the greater of two elements 
to primary illusory effects, namely the error of the standard 
which Piaget (1969a) believes to arise from compensations 
basic to attainment of perceptual constancies. The centrative 
activity of NC Ss in the present study was clearly not attri- 
butable to illusion of the standard in Task One where the trans- 
formed set appeared and was judged by the majority of Ss to 
be smaller than the standard. Perceptual field effects created 
by the arrangement of transformed objects in a circle may well 
nave intluenced ,the distribution of fixations and if so, could 
account for the degree of centration observed in LC Ss in Task 
One. Eight out of nine NC Ss showed greater mean length of 
run on the transformed set, and of these, seven judged the 
non=-transtormed setjto be greater dn number. If ftield effects 
were responsible for visual centration there is no assurance 
that they were sufficient to affect the cognitive processing 
of perceived configurational disparities. 

Hypothesis 10c predicting no difference between mean 
length of run on transformed and non-transformed sets for the 
IC group was supported for all tasks. Hypothesis 10d was 
supported for Tasks Iwo and Three only. During the first 
three seconds and in total exposure time, the LC group dis- 
played greater mean length of run on the transformed set. 


As previously suggested, field effects could be responsible 
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Table 23 summarizes results of tests on Hypotheses 6 


to 10d inclusive. 
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RESULTS OF TESTS OF HYPOTHESES RELATING 


TO EYE MOVEMENT PATTERNS 


Hypotheses Description Findings 
63 Exclusive let 3 'sieci. S® © ~Tasks sl tand 52 
Centration NSb Task 3 
73 Rate of Tot. exp. time S a laske (ee. Ne 
Coupling NS Tasks 2 and 3 
$3 No. of Tot. exp. time NS Tasks 1, 2 and 3 
Fixations 
3 Total Solution aS “Pask 72 
Time NS Tasks 1 and 3 
TO: Mean Length a) NC lgt 3 sec. S Tasks 1 and 3 
of Run NS Task 2 
Tot. exp. time S Tasks 1 and 2 
NS Task 3 
b) NC Greater Set 
lst 3 sec. NS Taske 1, 2 and 3 
Tot. exp. time NS Tasks 1, 2 and 3 
oC) SiGe sist c3: «ee cts Siielaeskis. £02 rand o3 
Tote: 4exp « kine S iakaskes ck. +2 sand) +3 
d) GC st 3 sec. § Tasks 2)::and 3 
NS Task 1 
Tot. exp. time S @alais lwstt2) anid: 43 
NS Task 1 
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CHAPTER VI 


CONCLUSIONS AND IMPLICATIONS 


Conclusions ‘and Implications LOL BWeoLy 


The present study was undertaken to test Piaget's 
(1969b) contention that co-ordinating perceptual activity 
facilitates conservation of numerical rquivalence when relevant 
mental structures are sufficiently mobile to permit assimila- 
tion of information derived from such activity. 

Major findings strongly support Piaget's position. 
Non-conserving girls who demonstrated relatively greater 
mobility of intuitive correspondence showed convincing evid- 
ence of number conservation after one twelve minute practice 
period involving induced perceptual activity. The same prac- 
tice condition resulted in little evidence of structural 
change among non-conserving girls with relatively low mobi- 
lity of intuitive correspondence. Regardless of their mobi- 
ity classification, non-conservers who were not exposed to 
practice displayed no appreciable change in conservation 
status over the two week period in which data were collected. 

Effects of mobility level and practice can be inter- 
preted theoretically by referring to Elkind's (1967) analysis 
of the conservation problem. Elkind proposes that conserva- 
tion implies a three stage process. In the paradigm which 
follows, S refers to the standard or non-transformed set; V 


signifies the variable or transformed set before transforma- 
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tion, and wi denotes the transformed set in its post-trans- 
formed state. The solution process may then be represented 


ase 


S = V 
V = vi 
; S = vi 


Both the initial judgment S = V and the terminal in- 


ference § = yi are manifested in the child's verbal state- 


ments. The intermediate judgment V = ye is implicit as a 
Jogical condition of the inference § = yo and involves iden- 


tity or constancy of the transformed set. 

In debate with Bruner, Piaget (1967) has insisted that 
in Pheer ares. of the conservation problem, identity does 
net refer to simple object permanence, but rather to a re- 
versible operation abstracted from particular stimulus con- 
tent. As evidence, Piaget cites the fact that simple identity, 
that is, knowledge that V = a. in a particular concrete 
instance, does not automatically produce conservation. Pre- 
sent findings tend to substantiate this conclusion. Despite 
the fact that transformations were sequential and slow enough 
fo permit visual tracking of individual objects in practice 
tasks, some Ss who correctly matched corresponding object 
pairs and declared that there was "a ball for every girl" 
at the conclusion of each transformation, nevertheless con- 


cluded that sets were unequal in number. Presumably these 
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Ss were able to represent the transformations they had wit- 
nessed, otherwise, their matching attempts would have proved 
inaccurate; however, judging from their decisions, identity 
was not. co-ordinated with the prior judgment S$ = V to yield 
the logical inference S = V’. In the absence of integrative 
processing, configurational cues appeared to be the predominat- 
ing determinant of conservation judgments. 

The question of integration seems particularly relevant. 
Ag@ebakind «points outer, iddentity.is, an, insufficient.condition 
of conservation since what the child must conserve is not 
the transformed set but rather the relationship of numerical 
equivalence between sets. The critical difference between 
responses of high and low mobile experimental Ss seemed to 
involve integration of judgments. Explanatory statements 
given by the majority of HME Ss in post-tests and tests for 
generalization correspond with Elkind's paradigm to a sur- 
prising degree. The following example is typical: "They 
had the same number to begin with and those ones just 
stretched out into a longer line, so they have the same nun- 
ber still." Such statements can be regarded as spontaneous 
because no verbal model was provided during the practice session 
orethereafter. avin contrast... UME) Ss..typically, mades no. refer- 
ence to past events and explained their decisions in terms of 
what they presently perceived, namely, disparity in the con- 
figuration of sets. 

Although they were exposed to practice under conditions 


which provided direct perceptual evidence of the equivalence 
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of sets, HME girls did not persist in attempts to match 
corresponding objects nor did they report counting or alter- 
native methods for obtaining relevant perceptual information. 
They were not distracted by irrelevant or intentionally mis- 
leading color cues and showed comparatively little variabi- 
lity in the time required to reach solution of delayed 
generalization tasks. All available evidence thus points 
to the conclusion that the HME group differed from other 
groups by virtue of their capacity to arrive at conservation 
decisions deductively. Because they were non-conservers at 
the outset, practice clearly contributed to structural change 
and the nature of that contribution can be clarified by re- 
ferring to the operational definition of high mobility of 
intuitive correspondence. 

The mobility test situation presented Ss with a problem 
analogous to the conservation problem except in the matter 
of transformation. Using Wohlwill's terms, it differed along 
dimensions of redundancy and contiguity which were both 
greater than in conservation tasks. Having constructed a 
set equal in number to a given set, S was faced with conflict- 
ing perceptual data in the form of concentric circles of 
differing diameter. The hy STE correspondence of analogous 
objects was wee disturbed but global size cues were compell- 
ing. In terms of requisite operations, it is clear that the 
mobility task demanded ability to compensate for configura- 
tional discrepancies, and to Piaget, compensation implies 


MuLtipsication of relations, in thie instance, relations 
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between size of the set and distance between objects. 

It should be pointed out that Bruner (1966) and Piaget 
(1967) disagree on the question of whether operatory compen- 
sation can exist in the absence of conservation. Bruner 
believes that it can while Piaget insists that Bruner is 
really describing non-operative covariance which the child 
may affirm, on the basis of perceptual data, without compre- 
hending its significance. Because it is difficult to explain 
correct mobility test responses on the grounds of perceived 
covariance alone, observations tend to confirm Bruner's view 
ont th ist ‘poi nit. 

As previously reported (p. 128), justifying statements 
given by HME Ss in post-tests and tests for generalization 
were most frequently classed as identity responses. Very 
few could be construed as compensation responses. On the 
premise that high mobile Ss already possessed operatory com- 
pensation, this observation is explicable. 

The weight of evidence suggests that what high mobile 
Ss initially lacked was not the operation of compensation, 
but rather a fully operational schema of identity. If the 
perceptual activity induced during practice facilitated 
development of the dynamic images Piaget claims are necess-~- 
ary for representing transformations, and if adequate repre- 
sentation of transformational events aided elaboration of 
the identity schema, then a rationale exists for observed 
practice effects. Furthermore, it must be concluded that the 


attainment of number conservation is dependent on coordination 
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of operative, that is, reversible schemes of compensation 
and identity. 

Conservation is commonly regarded as the sine qua non 
of mental operations. Present findings confirm Piaget's 
(1967) view that it is not so much the problem of represent- 
ing transformations, but more the absence of compensation 
which accounts for the child's inability to conserve. If 
children who possess operatory compensation can acquire ident- 
ity and consequently conservation through comparatively 
brief periods of guided perceptual activity, future research 
might profitably explore the bases of compensation in a range 
of concrete problems not confined to the classic conservation 
task. With respect to number conservation, mobility of 
correspondence appears to be a useful construct which could 
be elaborated and possibly scaled along Wohlwill's dimensions 
of ea dulninn de selectivity and contiguity. 

The Bruner-Piaget debate concerning the role of language 
in development of mental operations suggests that it may be 
pertinent to refer once again to the salient qualitative 
difference between LC and NC responses. Explanatory state- 
ments of Ss who judged sets to be unequal were phrased, almost 
exclusively, in the present tense. Genevan theorists would 
interpret this observation as evidence of centration. Accept- 
ing this interpretation, two possibilities remain. Either 
non-conservers failed to refer to prior events because they 
could not represent them adequately which, according to 


present analysis, could have been the case for LMP Ss} or 
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alternatively, they were capable of representing original 
states and transformations, as it was implied that LME Ss 
could, but did not co-ordinate information derived from these 
events in order to solve the conservation problem. Unfortun- 
ately, very little EM data was obtained from low mobile Ss 
for it might have been instructive to compare the degree of 
visual centration in LME and LMP groups. Nevertheless the 
prevalence of contradictory judgments among LME Ss in the 
practice series suggested adequate representation but failure 
of inferential processing. While these observations contri- 
bute nothing toward clarification of the role of language in 
number conservation attainment, they do emphasize the neces- 
sity of comparing the language abilities of children who 
differ in mobility, of intudtives correspondence. 

A pronounced weakness of this investigation was the 
non-random, non-representative composition of the EM sub- 
sample. While there was no evidence that EM data loss was 
attributable to systematic effects of any factor or group 
of factors, there is no assurance that it was not. Conseq- 
uently the generality of EM findings must be regarded as 
limited. Gross imbalance in proportions of HME, HMP, LME, 
LMP, and MC Ss in the EM subsample precluded valid a poster- 
iori comparisons of mobility-treatment groups on EM criteria. 
In view of mobility-treatment effects on conservation status, 


such comparisons might have revealed differences of consider- 
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able theoretical importance. With apparatus better adapted 
for recording the EMs of children under six, differences in 
visual behavior of high and low mobile Ss might fruitfully 
be explored as might EMs of logical, intuitive and non- 
conservers during the course of simultaneous and sequential 
transformations. 

While not regarded as isomorphic with cognitive acti- 
vity, patterns of visual fixation may be regulated by cogni- 
tive processes and thus reflect those processes. In general, 
visual centration tended to distinguish Ss who gave NC 
responses from those whose responses were classed IC or LC, 
though differences were less pronounced than in previous 
studies. EM patterns indicated a greater degree of percep- 
tual activity among IC than among LC or IC Ss and differences 
in variability were marked. | 

According to Piaget (1968a) the prelogical period of 
intellectual development is characterized by intuitive 
thought at first directed by perceptual qualities of the 
whole. Later, through decentrative activity which will ulti- 
mately form the basis of operatory structures, parts of the 
whole are discriminated and equivalence comes to be defined 
by perceived correspondence of analogous units. Lacking the 
co-ordinated system of operations which will subsequently 
permit the child to deduce equivalence in situations involv- 
ing spatial transformation, the conservation problem leaves 
the transitional conserver with whatever empirical strate- 


gies he happens to possess. At this stage the child compre- 
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hends the conservation question and mentally transforms per- 
ceptual data to arrive at a solution. As Piaget points out, 
mental processes may not be represented verbally in which 
case the child may conclude that sets are equal but may not 
be able to explain how he arrived at such a conclusion. 
Alternatively, well articulated intuitive strategies may be 
reported in detail. Both types of response were observed 
among IC Ss. Some could not provide a definitive reason for 
Phere judgments, but methods reported by others included 
sequential enumeration of sets; decomposition into subsets 
whose numerical value was immediately recognized; subgrouping 
and counting; subgrouping and matching; matching units be- 
tween whole sets, and imagined empirical return of objects 
to their original state. 

The nature of mental constructions which occur during 
this transitional stage implies a greater degree of response 
variability among individuals than is observed during the 
preceding or subsequent stages. EM data support this implica- 
tion and are consistent with Piaget's views concerning the 
increase in perceptual activity among transitional conservers, 

In conjunction with Piaget's position, present findings 
imply that instructional experience may dispose the transi- 
tional conserver to adopt particular strategies, for example 
counting or subgrouping, for comparing sets. It is also 
implied that physical properties including the spatial 
arrangement of sets may influence the type of strategy adopted 


by intuitive conservers, and such features might be expected 
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to interact with strategy preferences. 

As supplementary criteria of number conservation, EM 
patterns rarely contradicted and generally tended to confirm 
classification decisions reached on the basis of verbal res- 
ponses. To this extent they served to enhance the degree of 
confidence placed in those decisions. 

Findings point to the inadequacy of EM patterns as sole 
criteria of number conservation status; moreover, theoretical 
problems would arise were an attempt made to employ EMs for 
this purpose. Theoretically, nothing can be predicted apout 
the visual activity of logical conservers except by comparison 
with intuitive conservers and non-conservers. A rationale 
exists for predicting that logical conservers will centrate 
less than non-conservers and will exhibit less perceptual 
activity than intuitive conservers, but the degree of iso- 
morphism between visual activity and mental processes in the 
period following completion of a transformation would be pre- 
dictably minimal among Ss who arrived at solution deductively. 
By the same rationale, isomorphism should be greatest among 
intuitive conservers. These implications might be tested by 
examining the comparative reliability of EM variables in pre- 
dicting primary verbal responses and explanatory statements. 
The foregoing implications are of necessity confined to number 
conservation where, unlike other types of conservation, 
equivalence can be ascertained intuitively. 

A final issue of theoretical relevance concerns the 


question of reinforcement. Given two assumptions, observed 
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Puacticeyetifiectss;canube explainedeinrthercontext of earning 
theory. First, it would be necessary to assume that HME Ss 
possessed, in Gagne's (1968) sense, the prerequisite abilities 
teolprafitufiromepfactices) In Gagne's terms, mobility of intui- 
tive correspondence could be defined as one-to-one physical 
correspondence independent of configuration. If present con- 
clusions are valid, correspondence independent of configuration, 
capacity to represent transformations, and reversibility should 
appear at higher levels of a number conservation learning 
hierarchy. The second assumption is that practice activities 
were self-reinforcing which might be the case if HME Ss anti- 
cipated the equivalence of sets and their perceptual matching 
activities served both to confirm these response tendencies 
and to resolve conflict elicited by configurational cues. 
Such an interpretation is particularly compatible with 
Berlyne's (1964) analysis of the acquisition of mental 
Operations. | 

Perceptual cqiscrimination learning cannot be held to 
account wholly for a process which culminates in deductive 
inference, however, the practice series could be construed 
in part as a discrimination learning situation. Indeed, the 
systematic reduction of color cues was analogous to methods 
employed by Terrace (1966) to elicit errorless learning in 
sub-human species. 

Findings do suggest that number conservation attainment 
is not dependent on external sources of reinforcement though 


it would be of interest to determine whether reinforcement of 
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practice responses would affect the proportion of Ss attain- 


ing a terminal status of logical conserver. 


Implications for Research 


(1) Acceleration Studies 

The core of Piaget's theory is the equilibration pro- 
cess, an integrative process involving not only the effect 
of environmental contingencies on the development of mental 
structures, but also the role of existing structures in 
organizing and interpreting phenomenal input. Conclusions 
derived from this investigation point to the importance of 
incorporating structural variables in the design of conserva- 
tion training experiments. The possibility of relevant struc- 
tural differences within the non-conserver group has been 
ignored in many acceleration studies and this may explain 
the equivocal nature of a substantial body of findings 
(Sigel and Hooper, 1968). 

As previously stated (p. 26) effective procedures for 
accelerating number conservation have generally been those 
which manipulated attention and consequently induced percep- 
tual decentration. Present findings regarding the effective- 
ness of co-ordinating perceptual activity are in accord with 
such results. Training has usually proved more effective with 
older as opposed to younger children and here again the mobi- 
lity of existing structures may be a factor differentiating 


older from younger Ss. 
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(2) Operations Underlying Conservation Attainment 


Hypothetically, effects of exposure to the practice 
series could be attributed to increased capacity for repre- 
senting the dynamics of spatial transformations. This explana- 
tion is tenable only if a satisfactory rationale is provided 
for observed differences in the conservation performance of 
HME and LME Ss. In this connection, Inhelder (1965) found 
that capacity to anticipate transformation outcomes did not 
in itself prepare children to conserve continuous quantity. 

Ss who were able to anticipate the level that liquid would 
attain when poured into a container of different dimensions 
from the standard also tended to predict that transformed and 
non-transformed quantities would be the same after transforma- 
tion. However, when the transformation was actually performed, 
Ss reverted to non-conservation judgments. Inhelder's find- 
ings are thus consistent with observed behavior of LME Ss 

whose equivalence judgments contradicted what they said they 
had observed, and support the conclusion that compensation is 
an indispensable condition of conservation. 

In an experimental analysis of Elkind's conservation 
model, Schwartz and Scholnick (1970) showed that among Ss who 
demonstrated identity, equivalence judgments were dependent 
on the extent to which the dimensions of the standard differed 
from those of the transformed element. Lefrancois (1968) 
concluded that operations of identity and combinativity 
(multiplication of relations) were co-requisites of substance 


conservation. 
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Mounting evidence would seem to imply that analysis of 
the origins of compensation might provide valuable insights 
regarding the transition from intuitive to logical thought. 

Especially pertinent to present findings and to discus- 
sion of the bases of compensation is a study by Peters and 
Rubin (1970). As reported earlier, (p. 33) these authors 
found that training involving visual matching of color-cued 
materials was more effective than verbal training for induc- 
ing number conservation in Ss rated high in language compre- 
hension. This observation supplies further evidence of the 
need to investigate the relationship of language to the deve- 


lopment of compensation. 


(3) °®Varlatious in Conditions of Conservation Testing 


It was previously inferred (p. 136) that variations in 
materials and in spatial arrangement of sets may have influ- 
enced the EM patterns and verbal explanations of Ss who gave 
IC responses. This interpretation is consonant with Uzgiris' 
(1964) report of significant interaction between type of 
material and chronological age in acquisition of substance, 
weight and volume conservation. Uzgiris found that response 
varbetion across materials was relatively low for grade I 
Ss who were nearly all non-conservers, and for grade III 
Ss, 90 per cent of whom had acquired conservation. Intertask 
variability proved considerably higher for grade II Ss who 
were described as being in the process of developing conserva- 


tion-related schemes. Further investigation of interaction 
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between task variables and number conservation status seems 
warranted, 

The unexpected increase of LC responses among HMP and 
LME Ss in the addition and subtraction problems does not 
appear to be an isolated finding. In formulating a hypothe- 
tical sequence for development of number concepts, Wohlwill 
(1960) reasoned that more Ss would respond correctly Ho con- 
ventional conservation problems than to problems involving 
conservation followed by addition or subtraction. His ration- 
ale was that ennunciated earlier (p. 131); namely, that if 
anything, addition and subtraction tasks would be more diffi- 
cult because of their greater conceptual complexity. Cont- 
rary to expectation, scalegram analysis revealed that signi- 
ficantly more Ss passed addition and subtraction tests than 
passed the conventional conservation items. Wohlwill attri- 
buted this perplexing finding to order effects, but inasmuch 
as his method provided no check on Ss' interpretation of the 
conservation question, the explanation proposed earlier 
(p. 131) could apply equally to Wohlwill's findings. 
Interestingly, in a subsequent study (Wohlwill and Lowe, 
1962), Wohlwill points out the possibility that children's 
conservation responses may reflect absolute rather than rela- 
tive judgments. 

Unfortunately, weak methodology precludes all but 
speculation on the reasons for markedly improved HMP and LME 
performance in addition and subtraction tasks. Should such 


tasks be incorporated in future investigations it is apparent 
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that some method needs to be found for determining whether 
the Ss are in fact comparing transformed and non-transformed 
sets or whether they are merely reporting that the trans- 


formed set has increased or decreased in number. 


(4) Eye Movements and Conservation 
O'Bryan and Boersma (1970) compared EMs of LC, IC and 


NC Ss during solution of substance, length and area conserva- 
tion problems. Acceleration training was not a factor in 
this study nor were structural variables assessed, however, 
in other respects namely age, intelligence, educational 
experience and conservation Siaigan the present sample appears 
to be generally comparable. Wilton and Boersma (1970) com- 
pared EMs of natural conservers, Ss exposed to conservation 
training, and natural non-conservers in number, length and 
substance problems. The sample included grade I and II 
children of normal intelligence as well as educable mentally 
retarded Ss. 

Contrary to present findings both previous studies 
present clear evidence that non-conservers center their 
visual activity on the element they judged to be greater 
in quantity after transformation. In Wilton's and Boersma's 
investizgation, data are reported for number and length tasks 
combined, and inspection of means for each of these tasks 
eerie pala indicates disparity in the direction of differences. 
Among non-conservers of normal intelligence, reported mean 


length of run on transformed and on non-transformed sets in 
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the number task were: X TRANS = Lio®, 82% X NONTRANS = 5.75. 

In this instance, attention appears to have been centred on 
the transformed set. Means for the length problem were: 

X TRANS = 9.40; X NONTRANS = 14.07. From reported results, 
it can be inferred that non-conservers judged the transformed 
set to be greater in the number task and non-transformed set 
to be greater in the length item. Though the evidence is 
equivocal, Wilton's and Boersma's observations do not contra- 
dict the centration pattern noted among non-conservers in 
this study. Possibly, non-conservers tend to centrate on the 
greater set in length, substance and area problems and on the 
transformed set in number tasks. 

Présent findings contrast with those reported by O'Bryan 
and Boersma in two additional respects. First, these authors 
noted a greater degree of perceptual activity among logical 
than among intuitive conservers. Secondly, they did not find 
significant disparity in variance between groups on any EM 
variable. Both of these differences are explicable in terms 
of task characteristics. Conceivably, intuitive conservers 
utilize such task-relevant information as is available to 
perception in the transformed display. When little relevant 
information can be obtained they may exhibit correspondingly 
less perceptual activity. Furthermore it might be postulated 
that among randomly selected intuitive conservers, individual 
differences in information seeking and processing strategies 
increase in proportion to the amount of task-relevant informa- 


tion available. 
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With the exceptions noted, EM patterns generally corres- 
ponded with those previously reported, but were less pronounc- 
ed. The predominance of high mobile Ss in the EM subsample 
could be a factor affecting the magnitude of differences be- 
tween groups, and it is certain that differences were attenu- 
ated by information loss resubtdng from non-parametric 
statisticalianabysis. The problem of high variability in 
visual behavior of intuitive conservers might well be antici- 


pated when future studies are designed. 


Implications for Education 

Because the transition from pre-operational to opera- 
tional thought ig normally concurrent with the child's 
earliest Sg ane hn. experiences, Piaget's theories, includ- 
ing his observations on various types of conservation, have 
been widely noted by those responsible for the design and 
Management of pre-school and primary learning environments. 
Number conservation has been of particular interest as a 
result of Piaget's (1952) contention that constancy of the 
equivalence relationship is fundamental to conceptualization 
of cardinal and ordinal number and thus basic to some of the 
first quantitative concepts children acquire in educational 
settings. 

The fact that conservation of number can be accelerated 
does not imply that successful experimental training methods 
should be adapted for use in schools. There may be little 


advantage in hastening conservation attainment per se. On 
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the other hand, if it were shown that operations underlying 
conservation were relevant to the acquisition of a range of 
quantitative concepts then conditions which facilitate the 
development of such operations might be of central interest 

to educators. In this regard present findings suggest further 
investigation of the correlates and determinants of compensa- 
tion and identity. 

Until recently problems associated with operationaliza- 
tion of Piagetian constructs have impeded systematic attempts 
to apply Genevan theory to curriculum planning. lLavatelli's 
(1972) work represents a comprehensive effort in this direc- 
tion. For the purposes of this study, Wohlwill's (1966) 
dimensions of selectivity, redundancy and contiguity provided 
an approach to assessment of the status of mental structures 
(mobility of intuitive correspondence) and to the design of 
an effective instructional sequence (the practice series). 

The central task of educators has been described as 
Enat- or distéfning the present capacities of the individual 
child and of exposing him to such environmental conditions 
ae, in interaction with those ‘capacities, will result in 
permanent, transferable learning. Accordingly, Glaser (1972) 
proposes that the most fruitful form of educational research 
involves investigation of aptitude x treatment interactions. 
Glaser further suggests that measurement of aptitudes should 
not be confined to product variables but should include pro- 
cess variables as well. Aptitude x treatment interaction 


was assessed in this study and although mobility of intuitive 
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correspondence could be regarded as product of semi-opera- 
tional mental structures, analysis of verbal statements and 
eye movement patterns suggested differences in the conceptual 
strategies and information processing techniques of logical, 
intuitive and non-conservers. Some of these differences, 

for example disparities in linguistic form, are amenable 

to classroom observation. 

Coordinating perceptual activity induced by means of 
motion picture film and tape recorded instructions was shown 
to facilitate number conservation attainment among girls with 
high mobility of intuitive correspondence. The availability 
of audio-visual equipment, including 8 mm motion picture pro- 
jectors, which can be independently operated by young children 
opens the possibility of individualizing and automating pre- 
sentation of stimulus sequences designed to promote conceptua- 
lization of quantitative relations. Methods employed to pro- 
duce movement of stimuli suggest that 8 mm films depicting 
conjunction and disjunction of sets could be produced at 
reasonable cost by educational personnel who lacked technical 
expertise. 

To summarize, while the present study deals with a 
problem which is not immediately relevant to educational 
practice, its design and methodology do illustrate a mode of 
approach to the synthesis of Piagetian theory and curriculum 
design. In addition, implications exist for qualitative 
assessment of the status of intellectual structures, and certain 
practical aspects of methodology are suggestive of instruc- 


tional techniques. 
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TAPESCRIPT FOR POST-TESTS AND THE PRACTICE SERIES 


1. In a minute, you're going to see some pictures on this 
little screen. I'm going to ask you some questions 
about the pictures and when I ask a question, I want 
you to say the answer. Ready? 

2. See these two rows of yellow flowers? Tell me, do both 
rows have the same number of flowers, or does one row 
have more flowers than the other? 

3. Watch what happens. , 

4. Now tell me, do Lae oe have the same number of flowers 
or does one row have more flowers than the other? 

5. Here are some little girls. 

6. And Here are “some ‘big ‘balla for ‘the girls to play with. | 

7. Let's see if there are enough balls so that every girl 
can have one. 

S&S. Do@stevery girl have a ball? 

9. Are there more girls or more balls or just the same 
number of each? 

10. Now watch what happens. 

ll. See the red arrow pointing to the girl at the end of the 
frowh. Can you point to the ball that belongs to that 
girl? 

12. Now the arrow is gion g Lotro nce*to tire alesxtt ir aid 
wert? ayo Ww tt ofeidaid ‘wer ‘Dalal itd soit to it. 

im... Every time the arrow moves to a different girl, you point 


to the ball that belongs to that girl. Ready? 
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Good. Tell me, is there a ball for every girl? 

Are there more balls than girls? 

Are there less balls than girls? 

Are’ there just» the same number of balls as there are 


girls? 


Looe ati fthisitipicturies. mAwe thene more, balls! or mone girls 


Om tustutther sameramimber of balls as there are girls? 
Watch what happens. 

See the arrow. Point to the ball that belongs to that 
girl. Every time the arrow moves, look at the girl and 
protien t= iteor ch etx eb anlake. 

Bhats' s) ir kohet . 

Is there a ball for every girl? 

Are there less balls than girls? 

Are there more balls than girls? 

Are there exactly the same number of balls as there are 
girls? 

Now look at»othis picture. Are there more girls or more 
balls or just the same number of each? 

Watch carefully what happens. 

Now watch the arrow and point to the right ball. 

Good. 

Is there a ball for every girl? 

Are there more balls or more girls or just the same 
number of balls as there are girls? 

Try this picture. Are there more balls or more girls 


or just the same number of each? 
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Watch carefully. 

Point COLthEe ball that belones: to-each ditterent (cir, 
Ls wthere aiball tor every ‘gird? 

Are there more girls or more balls. or.just the. same 
number of each? 

This time, are there more girls or more balls or the 
same number of each? 

Watch what happens. 

Follow, thes arrow land point “to the right ball\’/each time 
Is there a ball for every girl? 


Are there the same number of balls as girls or are there 


more of one than the other? 


Look at this picture. Are there the same number of balls 
as Cirie or are there more of one than the other? 
Watch. 

Here ec ehewanrow.. ©oant to the right ball each time tt 
moves. 

Is there a ball for every girl? 

Are there more balls than girls or just the same number 
or, Less balls “than “oir s,? 

This time, are there the same number of balls as girls 
or are there more of one than the other? 

Watch what happens. 

Is there a Sea Lorvevery oir? 

Are there more girls or more balls or just the same 
number of each? 


And this time, more balls or more girls or the same 
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number of each? 

22s Wat chp: 

Ds) ts sthere ball tor-every sini? 

54. Are there the same number of balls as girls or are there 
more of one than the other? 

55. See these two rows of yellow flowers? Tell me, do both 
rows have the same number of flowers or does one row 
have more flowers than the other? 

56. Watch what happens. 

57. Now tell me, do both rows have the same number of flowers 
or does one row have more flowers than the other? 


58. How do you know? 


EXAMPLES OF STATEMENTS USED TO JUSTIFY 


CONSERVATION JUDGMENTS 


The following is a representative list of statements 
given to justify judgments concerning the numerical equivalence 
of transformed and non-transformed sets. Statements, given 
in answer to the question "How do you know?", are quoted 


Verbatim. 


Statements Classed LC 
These responses each followed a judgment that the trans- 
formed and non-transformed sets contained the same number of 


objects. 
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"Because when they moved, you moved the same amount 
as there was when they were close together." 


"Because they're the same flowers and they just spread 
ehe ge a a 


"Dhey igotea' el itt] eS ofarther apant..« Loss neally,. the, same 
amount of things." 


"Because you just put these over here and you never took 
any away." 


"There was the same number before and then you moved 
these and there's still the same number." 


"Before they was the same and they just moved around." 
"Because, well, there was the same number at the top 
and you moved all the tops down here, so it's the same 


number." 


""Cause, uh, I could see them come down and they could 
go back up." 


"'Cause when they were like this row up here there were 
the same number, so if you spreaded them out they would 


still be the same number." 


"Because they're just spreaded out. It's the same 
number. It's longer though." 


"Um, because the top had the same amount as the bottom 
a minute ago." 


"Because you put.... Before there was the same number 
andinowtydu just. put lines out of the little circles." 


"They have the same because you moved them and they 
were the same before and now they're the same now." 


"When, well before when you showed me, before it moved 
like that, there was a ball for every square." 


Statements Classed IC 
Each of the following explanations followed a correct 
decision regarding the equivalence of sets. 


"Because there's one more big and there's one more 
htepheeandei&t'sethehsames bMyebrother told me." 
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"Well I counted when they were coming down." 
 therevisn... £ forget how I know.” 

"There are ten here and ten here." 

"Like there's two here and two here and two here and 
two here, and down here there's two and two and two 
ard “twor.2' 

"Because this one's big and this one's big." 


fa Causes COU e a Cem 4. 


'"y" see I put these two to those and those three to 
those and those five to those. " 


“One, two.ethree, L£our, (five, six; seven, eipht, mine, 
ten. @'Ore:,. Jewo .“*tirnee’,~ ho ur',? “five ,- "six, "seven » ‘erent, 
nine ten. Ten and ten! The same! They're the same!" 
Pek OT) oC ark TOW fers 

"Well, there's four here, and these three here and one 
here. Wait. Well, there's two and two and two and 
two here, and there's two and two and two and two, so 


its. the .same., 


Pbecause J went like thti's.4* Two, four, six, eight, and 
Pike tiie atwon fOuresax, echt, 


"'Cause I'm learning. I'm learning." 
"Same numbers. Still the same. By counting over and 
over... If jt goes ifarmnther, a t:'s..a bigeer number, but 


aig eafa Us bie PANY eels 


Mit Looks Like Lew. 


Statements Classed NC 

The following statements all followed an incorrect 
judgment concerning the equivalence of sets. 

"Because it's longer." 


"Because the squares are in a line and the balls are 
squished in a circle." 


"Because I can see this is bigger." 
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"Because they stick out at the end. Those two at the 
end look like they're going away." 


"Because you don't see any balls spread across like 
thate.| 


"Because there are a few more things at this end." 
"Because one is bending and one is standing straight." 


"Because they're in a straight crooked line and they're 
spreaded apart." 


"Because you took these from here and you put them 
here and that makes them small." 


"Because the squares are right and the balls aren't." 
"Because, you know, see, this is the smaller group." 
"Because there's lots there and not lots there." 


"'Cause one row is close together and one line is 
open wide." 


PEEOT IS TUDLES 


Guided Practice in Visual-Matching and Mobility of Intui- 
tive .Correspondence 


in,the spring cof 5419697; 4byadministered saxspracticecseries 
identical (in, ,prineiple todthe «film spracticecseries sto ¢eleven 
5 year old non-conserving kindergarten girls. Materials were 
toy cups and saucers in colors of magenta, green, yellow 
and pink. Tasks were the same and instructions similar to 
those later used in film presentation. Materials were mani- 
pulated by E who delivered instructions directly instead of 
by tape. In addition to the experimental group (EP), two 
control groups were included. One (NP group, N = 7) received 


conservation pre- and post-tests only. A third group (HP 
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group, N = 8) was exposed to the same practice condition as 
the EP group except that materials were homogeneously colored 
for all tasks. No material or verbal reinforcement was supp- 
Vike'd? fori vany! ceroxip.. 

On. St Peltc on siervait Pon, tpo/st— tesitt,) 15:4). SZ soi ab Pi owl 2).'5 7% rok 
HP and 0Z of NP Ss gave conserving responses. Mean practice 
Grrors: were 13.79 b ifo pr ttive Chk igroup! and 28. ti oriatthe: HR: gro. 
No relationship was found between change in conservation 
status Yand ‘abil ty to "count tor ability tor solve classi dnclu= 
sion problems. No attempt was made to assess mobility of 
intuitive correspondence. 

A second pilot study involved a group of 13 non-conserv- 
ing kindergarten boys who were exposed to the experimental 
condition described above except that materials were red, 
green, orange, and blue toy cars. It was observed that five 
Ss who displayed no pre-test - post-test change in conserva- 
tion status, all judged sets to be unequal when 12 toy animals 
were arranged in juxtaposed pairs, six in a smaller circle 
instde "a circular fence Vand Ss ix tin a "barger *cirele stout side 
the fence. Seven out of eight Ss who advanced in conservation 
status following practice judged that there were the same 
number of animals inside as outside the fence. Neither mobi- 
lity of correspondence nor practice effects were found to be 
related -tovYeounting ability™or -class@inclusion?’ oRésults “of 
both studies suggested that mobility of intuitive correspond- 
ence and practice in color-guided visual matching should be 


investigated in a larger scale study with improved controls. 
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PROBLEMS IN EYE MOVEMENT RECORDING 


As previously reported (see p. 134) EM data loss was 


more than incidental and this finding is consistent with 


Boersma's and O'Bryan's (1970) detailed discussion of pro- 


blems associated with use of a stand-mounted camera for EM 


recording with six year olds. In the event that data loss 


can be tolerated, use 


of a stand camera may be preferable 


in terms of the greater accuracy of EM records obtained with 


this instrument as compared to wide angle cameras which do 


not require use of a bite-bar (Mackworth, 1967,1968). Data 


loss in the present study was felt to be compensated by the 


quality of data obtained. 


Loss of data was not apparently attributable to fear, 


distomtort°oreiack*or™eooperation” on™ the” part” of" Ss tested 


in the laboratory situation. As noted (p. 58) two Ss were 


nNoOEewitLling*to-accept 


readily cooperated in 


in using 
ing? ? @By 
majority 


structed 


the bite-bar 


the time eye 


the bite-bar, however, the remainder 
this regard and exhibited no hesitation 
during eye closure training and test- 


ectosure” training was” complete, the 


GOFFSS retyrned=to the *bite=bar, without “being “in- 


to do so, after each verbal response. Ss similarly 


cooperated *in Pixdtinge thertarget spot "during calibration 


though it was noted that some Ss seemed to have better volun- 


tary “control “of °EMs than others. 


Voluntary control of head and body movements was effec- 


tively exerted when Ss were not attending closely to stimulus 
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material, but the principal difficulty in achieving and 
sustaining calibration appeared to result from a normal acti- 
vity level characteristic in situations where Ss attention 
was directed to stimuli on the viewing screen. while ene 
bite-bar was moderately effective in controlling head move- 
ments of local origin and while localized limb movements 
appeared to have little effect on stability of the head, 
movement originating in the trunk invariably generalized to 
neck muscles often resulting in slight shifts of bite suffi- 
erent, to destroy calabration. lt is probable that such 
shifts occurred more frequently among Ss with loose or miss- 
pug teeth, a condition characteristic of six year old. child- 
ren. In typical instances of calibration loss the corneal 
reflection spot did not merely move outside configurational 
scoring boundaries but disappeared entirely from the area 
recorded on film, an area somewhat larger than the total 
viewing surface. 

For more active Ss, difficulty was experienced in init- 
ial calibration. Because it was estimated that motor activity 
increased in direct proportion to the time S was on the bite- 
bar, in cases where successful calibration had not been 
achieved within 30 seconds, S was asked to come off the bite- 
bar and rest before a subsequent attempt at calibration was 
initiated. The probability of achieving calibration after 
three unsuccessful trials with rests and diversionary acti- 
vities between, was normally regarded as too low to justify 


further attempts, and in such instances the test concerned 
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was administered without EM recording. Initial calibration 
was accomplished for most 5s, and as previously indicated 
most unscoreable data resulted from loss of calibration :aet 


some point between stimulus presentation and eye closure. 
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EXACT PROBABILITIES OF ASSOCIATION BETWEEN 
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EDUCATIONAL LEVEL AND PROPORTION OF 
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TABLE Bii 


SUMMARY OF MULTIPLE CONTINGENCY ANALYSES 
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TABLE Biv 


COMPOSITION OF THE EYE MOVEMENT SUBSAMPLE BY 


MOBILITY-TREATMENT GROUPING FOR EACH TASK 


Task Group Number Total 
Del. Gen. 1 HME 7 
HMP 6 
LME 2 
LMP Q 
MC Ik 28 
Del. Gen. 2 HME a) 
HMP 8 
LME 1 
LMP 3 
MC | ie 29 
Del. Gen. 3 HME 6 
HMP S) 
LME 0 
LMP 2 
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